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Natural Gas to BTX
Abstract
A plant that uses three major stages to convert natural gas to produce a 1MMM lb of mixed xylenes stream a
year, which contains 68 wt% of para-xylene, was designed for this project. The three main stages are the
dehydrocyclization stage, where methane is converted to benzene; the alkylation stage, where benzene is
alkylated to form xylenes; and the post- processing stage that separates para-xylene from the mixed xylene
stream. The goal of the project was to produce a billion pounds of BTX while maximizing profits. This report
provides a detailed design and economic analysis for the production of para- xylene and mixed xylenes on the
Gulf Coast. Process flow sheets, energy and utility requirements, and equipment summaries have been
provided and analyzed. The process is currently unprofitable with an IRR of 5.77% and a net present value of
$(327,000,000) at a discount rate of 20%. The financials for this venture are highly sensitive to the price of
natural gas, which is currently $0.02/lb. A few major reasons that make this venture unprofitable are the
extremely high costs for the two proprietary processes, namely the Sulfolane process and the Parex process,
high use of utilities, and low conversion of methane to benzene. After in depth analysis of the financials, we
recommend that this project should not be executed unless the proprietary process costs are significantly
reduced or a better conversion of methane to benzene is achieved.
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Dear Dr. Shieh, Mr. Fabiano, and Mr. Vrana, 
As requested in our assigned Senior Design Project Statement, we have designed and 
evaluated a process for the production of benzene, tolune, and xylene products (BTX) from 
natural gas.  This process produces one billion pounds of BTX as was specified in the project 
request.  A process producing xylenes was pursued as the only product of this process because its 
production was the only one that was calculated to be profitable on a material balance basis 
given the patented process pursued.  In spite of the limited information available on many of the 
proprietary technologies needed to optimally run this process, we are confident in the accuracy 
of the costs, energy requirements, and feasibility judgments that are presented in this report 
regarding the production of BTX from natural gas. 
 
This process provides a detailed process and the potential profitability of the proposed 
BTX plant.  The design incorporates a natural gas feed rate of 315,800 lb/hr and methanol feed 
rate of 112,000 lb/hr.  Production was assumed to operate 24 hours a day for 330 days a year.   
The main fixed capital investments for this process are the proprietary Parex unit, two multi-
stage compressors, a proprietary sulfolane unit, and two very large heat exchanger units. 
 
Based on the provided pricing of BTX components, reagents, and side products, the 
proposed process yields an IRR of 5.77%.  This modest return is below the hurdle rate of 20% 
and therefore it is not recommended that this process be pursued. 
 
This process could be further improved via enhanced separation processes that would 
greatly reduce the cost of utilities required.  In addition, further research into the implementation 
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 A plant that uses three major stages to convert natural gas to produce a 1MMM lb of 
mixed xylenes stream a year, which contains 68 wt% of para-xylene, was designed for this 
project. The three main stages are the dehydrocyclization stage, where methane is converted to 
benzene; the alkylation stage, where benzene is alkylated to form xylenes; and the post-
processing stage that separates para-xylene from the mixed xylene stream. The goal of the 
project was to produce a billion pounds of BTX while maximizing profits.  
This report provides a detailed design and economic analysis for the production of para-
xylene and mixed xylenes on the Gulf Coast. Process flow sheets, energy and utility 
requirements, and equipment summaries have been provided and analyzed. The process is 
currently unprofitable with an IRR of 5.77% and a net present value of $(327,000,000) at a 
discount rate of 20%. The financials for this venture are highly sensitive to the price of natural 
gas, which is currently $0.02/lb. A few major reasons that make this venture unprofitable are the 
extremely high costs for the two proprietary processes, namely the Sulfolane process and the 
Parex process, high use of utilities, and low conversion of methane to benzene. After in depth 
analysis of the financials, we recommend that this project should not be executed unless the 
proprietary process costs are significantly reduced or a better conversion of methane to benzene 
is achieved. 
  





The recent emergence of inexpensive natural gas in the United States from hydraulic 
fracturing operations has led to resurgence in the U.S. chemical industry and has introduced new 
possibilities for new processes.  Among these possibilities of interest is the feasibility of 
production of aromatics from natural gas which, until recently, has not been perceived to be 
economical.  Benzene, toluene, and xylene (BTX) are conventionally produced by reforming 
naphthalene in an oil refinery or by extraction in naphthalene-fed ethylene crackers.  Unlike the 
proposed process, each of these processes require the use of increasingly scarce and expensive 
crude oil [1].  As these traditional sources of BTX become scarcer, alternative ways of producing 
BTX become more attractive. 
Benzene, toluene, and xylene are all important industrial aromatic chemicals used 
extensively in industry.  Benzene is used as an intermediary in the production of chemicals – its 
global consumption is estimated at over 40MM lb [2].  Toluene is commonly used as a solvent, 
among other used.  Para-xylene in particular is a key component in the manufacture of 
polyethylene terephthalate (PET) which is used to produce fibers used in many common plastics 
and polymers.  Demand for p-xylene has increased by roughly five to ten percent per year in 
recent years and this trend is predicted to continue in the near future. 
BTX produced by natural gas is desirable for a variety of reasons.  It is indistinguishable 
from BTX produced traditionally from crude oil sources, which means that the products 
produced from the plant outlined in this report are identical for the consumer.  In addition, 
natural gas is abundant in the U.S. Therefore, producing BTX from it portrays a positive image 
of promoting domestic resource consumption and foreign energy independence, since valuable 
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crude oil could then be used for energy production purposes.  The production of one billion 
pounds of BTX would contribute significantly to easing demand on crude oil. 
Process Overview 
 The specified process aimed for the production of one billion pounds of benzene, toluene, 
and xylene per year by converting natural gas.  The process must meet or exceed an investor’s 
rate of return of 20% p.a.  Additionally, the plant design and process created was to be as 
environmentally friendly as possible and, at minimum, meet all federal and state emission 
regulations.  Keeping these interests in mind, energy consumption should be minimized and 
materials should be maximally recovered and recycled to the extent that the process remains 
economical.  Finally, the plant design must be controllable and safe to operate. 
Our chemical reactions run as shown below: 
Dehydrocyclization: 4 6 6 26 9CH C H H   (trace 2 4C H and 12 6C H ) 
Alkylation: 
6 6 3 7 8 2
7 8 3 8 10 2
C H CH OH C H H O









Benzene ( 6 6C H ) 
 
Toluene ( 7 8C H ) P-Xylene ( 8 10C H ) 
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Innovation Map  
The project undertaken to produce BTX products from Natural gas is driven by 
economic, technology, and environmental considerations.  The economic motivators of a natural 
gas originated BTX production facility include using an alternative to traditional crude oil to 
produce BTX.  This will reduce the volatility of the price of BTX products and allow for 
flexibility in its production.  It is also driven by 1) demand for inexpensive BTX and 2) need for 
independence on foreign oil sources.  Environmental motivators for producing BTX from natural 
gas include lower greenhouse gasses and fewer transportation costs for transportation of natural 
gas than for crude oil, since our plant will be located near a hydraulic fracturing site.  Finally, the 
technological motivator for conducting this process is the newly patented dehydrocyclization 
process documented by Exxon Mobil [3].  An innovation map detailing these processes and their 
benefits is documented on the following page in Figure 3. 







Market & Competitive 
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II) MARKET AND COMPETITIVE ANALYSES 
Market Analysis 
The Use of Natural Gas Over Oil 
Currently, BTX is produced primarily in plants that incorporate naphthalene reforming 
processes from crude oil.  As demand for crude oil inevitably increases in the near future, 
alternatives to the use of crude oil has been a major area of research due to the possibility of 
permanent increases in price over time.  Besides economic reasons, the use of crude oil in 
general has become increasingly unpopular in recent years due to stigma regarding its 
importation from foreign sources and negative environmental impact. 
Due to the emergence of the hydraulic fracturing process to economically retrieve 
previously unreachable natural gas in shale rocks, the price of United States natural gas has 
fallen by 80% in the past five years from a 2008 price of about $10 per 1000 cubic feet to a 
current stable price of about $2 per 1000 cubic feet.  This new low in the price of natural gas has 
opened an entirely new area of research into new uses of natural gas that could not have been 
considered earlier due to pricing issues.  The study of the feasibility of producing BTX from 
natural gas is motivated by this price decrease.  It is expected, however, that the price of natural 
gas will increase at an average annual rate of 7.3% [4].  This will clearly influence the long term 
profitability of processes using natural gas as a reagent.  For the purposes of this design project, 
the price of natural gas is $0.02 per pound and is tabulated in Table 1. 
 Natural gas has traditionally been used as a source of energy and is currently the second 
largest energy source in the world behind crude oil.  The use of natural gas for energy is 
preferred in our increasingly environmentally conscious world besides its economic benefits; its 
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combustion releases 30% less carbon dioxide than oil and under 45% less carbon dioxide than 
coal per Btu of heat produced [5].  It is also in abundance in the U.S. as a domestic energy source 
with proven resources at 7.7 trillion cubic meters as of 2011, making up 4% of the world’s 
proved reserves [6].  Figure 1 shows the distribution of shale gas basins in the United States. 
Benzene 
 Benzene is the starting chemical reagent to create a wide array of aromatic chemical 
products.  It is the most widely used aromatic petrochemical used in industrial processes.  In the 
United States, about 50% of benzene is used to produce styrene, 20% is used to produce cumene, 
and 15% is used to produce nylon [7].  Although the demand for benzene has been relatively 
stable in recent years, there are worries that weakening demand for polystyrene may negatively 
impact future prices of benzene [7].  Despite this outlook, however, the price of benzene has 
been increasing in the past five years to a current high.  The price of benzene for the purpose of 
this report is $0.48 per pound as tabulated in Table 1. 
Toluene 
 Toluene is a common organic solvent and is commonly used as paint thinner.  The largest 
industrial use of toluene is in the production of benzene and xylene – making up over 46% of 
Figure 1: Shale Gas Basins in the United States [12] 
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annual consumption in the United States [8] [9].  It is also used to make dyes, protographic 
chemicals, and pharmaceuticals.  Its use is limited in consumer applications due to its status as a 
known carcinogen [4].  The price of toluene is considered by the Independent Chemical 
Information Service as being volatile and is correlated to the price of gasoline.  Because the 
majority of BTX produced is via crude oil cracking, as the price of crude oil has been increasing 
in the recent past, so has the price of toluene.  It is predicted that production outages and political 
tensions are likely to keep the price of toluene volatile in the foreseeable future [9].  For the 
purpose of this report, the price of toluene is taken to be $0.51 per pound as tabulated in Table 1. 
Xylene 
 p-Xylene is the most valuable product per pound that is created in the production of BTX.  
It is used in the large scale to create the polyester PET, which is used to produce clothing fibers, 
plastic bottles, film, and other synthetic plastic and polymer products.  The demand in the market 
for p-xylene is therefore highly correlated with the demand for PET polyesters and their derived 
products.  Tecnon OrbiChem, a UK-based consulting firm, estimates world consumption to 
increase by 7% per year [10].  This represents an attractive marketplace for new entrants such as 
our company.  The price of para-xylene for the purposes of this report is $0.75 per pound as 
tabulated in Table 1. 
 Other mixed xylenes have a value of $0.41 
per pound as tabulated in Table 1.  O-xylene is 
used in industry as a necessary agent to create 
plasticizers.  The main application however for 
mixed xylenes is to be converted to more valuable 
p-xylene which can be then used for a wide  
Product  Price per Pound in 
Dollars 
Natural Gas $0.02  
Benzene $0.48  
Toluene $0.51  




Table 1: Prices of Compounds for this Report 
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variety of applications listed earlier. 
BTX Industry 
The market for BTX is currently valued at $80.8 billion in sales per year [11].  According 
to IBISWorld reports, the market for BTX production is mature and very heavily regulated.  
Although the industry is profitable and expected to grow at an average rate of 3.6% over the next 
four years to $96.5 billion in 2017, performance is heavily influenced by high levels of volatility.  
This level of growth is expected to be fuelled by the growth of the chemical and plastic product 
manufacturing industry.  For example, the demand for housing starts which increase the demand 
for insulation derived for para-xylene is expected to grow at an annualized rate of 11.1% [4].  It 
is predicted that our product will generate one billion lbs of BTX products to produce annual 
revenues of $512,400,000 in the third year of production, not accounting for inflation. 
The market for BTX is considered at this point to be mature due to product saturation and 
market acceptance.  It is also defined by clearly defined and segmented product groups and user 
industries as outlined in an industry report conducted by IBISWorld US in 2012 [4].  It is still 
possibly an attractive industry to enter, however, because of an expected shortage in supply to 
match the increase in demand expected until 2017. 
  




The major markets for BTX are identified in Figure 2.  The primary markets are those in 
the domestic chemical manufacturing industry – which takes up all but 2.6% of global demand.  




Figure 2: Major Market Segmentation of BTX [3] 





Competition in this market is seen to be high due to the growth rate of the BTX industry 
and the potential for innovative methods of its production.  The two largest competitors in this 
industry are Exxon Mobil Corporation and The Dow Chemical Company.  Anellotech Inc. is 
another smaller competitor that aims to produce BTX products from renewable sources [4]. 
1) Exxon Mobil Chemical: Exxon Mobil Chemical is the petrochemical arm of Exxon 
Mobil Corporation.  Exxon is one of the world’s largest petrochemical companies.  It 
is the largest North American producer of benzene and toluene and the second-largest 
producer of mixed xylene – holding an overall market share of 3.0%.  Its major 
petrochemical plans are integrated with its refineries to reduce costs.  Its sales are 
estimated at $2.45 billion per year and it is expected to grow at an annual rate of 
15.8%.   
2) The Dow Chemical Company: Dow produces more than 5000 products in 197 
manufacturing facilities in 36 countries.  It is one of the largest petrochemical 
companies in the world.  Unlike Exxon, Dow has its materials transferred to its 
chemical plants at a net cost.  It holds an overall BTX market share of 2.6%.  Its sales 
are estimated at $2.1 billion per year.   
3) Anellotech Inc.:  Anellotech has developed a clean technology platform to 
inexpensively produce BTX from renewable biomass.  It is expected that their 
products will be inexpensive compared to petroleum derived counterparts while 
providing identical benefit.  Anellotech will own and operate its own plants and sell 
proprietary technology to licensees [11]. 
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Porter’s Five Forces: 
 The Porter’s Five Forces framework is widely used in industry to identify and evaluate 
the competitive forces that must be considered when entering a prospective market.  It was 
formed by Michael Porter of the Harvard Business School in 1979 as a tool to derive five market 
forces that determine the competitive industry and therefore the potential for profitability in a 
target market.  The five forces are the (1) competitive rivalry within an industry, (2) bargaining 
power of suppliers, (3) bargaining power of customers, (4) threat of new entrants, and (5) threat 
of substitute products.  By carefully considering how each of these forces affects our position in 
our target market, a more informed decision to enter the market can be made.  
  
(1) Competitive Rivalry Within the Industry 
Currently, BTX is produced mostly via plants that incorporate naphthalene reforming 
processes from crude oil.  The potential for new innovative processes to maintain a competitive 
advantage is inherently low as there are relatively few sources that hydrocarbons can be 
economically derived from other than from fossil fuels.  According to ICIS, the some markets 
may be saturated in terms of the amount of BTX that is floating.  In Asia, for example, there is 
an excess of benzene that is causing a cut in production to avoid a drop in price [12].  Because 
existing BTX producers are dependent on the price of crude oil in order to justify the profitability 
of their operations, there is clearly a market opportunity in presenting an alternative and possibly 
more economical reagent such as natural gas.  Because there are so many large competitors in 
the BTX production industry, however, competitive rivalry is expected to be high. 
 
(2) Bargaining Power of Suppliers 
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Because the natural gas that is needed for our process is sold on site, it is unlikely that 
suppliers will be able to pose a significant threat to our industry.  This is because the 
infrastructure needed in the transportation of natural gas offsite is very expensive and the price of 
natural gas is determined largely by market forces.   Nonetheless, it is important to note that our 
company will not have leverage when it comes to purchasing natural gas and so it will be 
necessary to maintain good relations with our suppliers.  We are unable to switch to another 
supplier since the switching costs of changing location are clearly prohibitive.  Other suppliers, 
such as that of electricity and methanol, may have more bargaining power based on their higher 
flexibility to cater to other customers. 
Suppliers of proprietary equipment needed to carry through with this process design have 
significant bargaining power that must be accounted for in making our final economic decision.  
Proprietary processes such as the Parex process that must be purchased from outside vendors 
incur a significant cost due to their necessity in our systems. 
 
(3) Bargaining Power of Consumers 
The main threat that players in the BTX production industry face is the possibility of 
backward integration by consumers which would cut demand from producers like our company.  
Just as Coca-Cola recently invested in renewable para-xylene for their bottles, other customers 
may be more inclined to backwards integrate if the price of their supplies reaches a critical 
threshold.  Many of the products that are derived from BTX incorporate a large portion of their 
overall costs from the price of BTX and so customers will be very price sensitive.  Our BTX is 
largely undifferentiated from that of other companies, which causes a threat to us in terms of 
switching to a competitor.  Finally, our industry is threatened by the fact that a relatively small 
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number of customers make up our base and so industries such as our own might be at a 
disadvantage when it comes to leverage during pricing negotiations. 
 
(4) Threat of New Entrants 
As the price of crude oil continues to decrease, there will continue to be an increasing 
economic interest in creating a method of producing BTX from alternative sources.  In 2011, the 
Coca-Cole Company has invested in Geno, Virent, and Avantium partnerships in an aim to 
produce para-xylene for its bottles in a completely renewable fashion [13]. This investment 
represents the kind of vertical integration that is very threatening for competitive players in this 
industry especially considering the increasing price of all BTX products.   
 
(5) Threat of Substitute Products 
The use of BTX in the products outlined in the Market Analysis section largely does not face 
a threat by substitute products.  Benzene in particular cannot easily be replaced in industrial 
processes because it is the simplest six membered aromatic substance and many chemical 
processes rely on it to form product.  The demand for Toluene is more price sensitive because its 
use as a solvent can be replaced with other products.  Para-xylene yields the most threat of 
substitute products because its use in hard plastic containers (PET) is threatened by a push to 
produce more renewable hard plastics. 
It should be considered, however, that with the overall trend toward higher prices for BTX 
that there will be an economic incentive to find substitutes and so there will be an increased 
effort in this area. 
 
  




 The amount of BTX produced in this project is 1 billion pounds per year.  According to 
the Handbook of Petroleum Refining Processes, customer requirements for para-xylene are 99.7 
wt% at least with the trend over time increasing toward 99.9 wt% over the coming years [14, p. 
2.48].  Similar purities of 99.9% are expected for both benzene and toluene in the market, as they 
are largely primary materials for a variety of products mentioned above and therefore a high 
purity is needed [15].  It is therefore necessary that the final products sold by our process are 
separated to very pure components if they are to be used immediately into the conversion to 
chemical products.  The sale of impure m-xylene and o-xylene as mixed xylenes are also 
demanded in the marketplace, but the only purpose of these is for conversion into mode valuable 
p-xylene. 
The uses for BTX are outlined in the Market Analysis section of this report on page 15. 
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III) PROCESS OVERVIEW, FLOWSHEETS, MASS 
BALANCE & ENERGY BALANCE 
 
Preliminary Process Synthesis 
Overall Process Outline 
 The main objective of this project is to propose a plant design to convert natural gas into 
aromatics, with specific focus on generating p-xylene. The overall process design can be 
separated into two main parts- dehydrocyclization, which converts natural gas into benzene, and 
alkylation, which alkylates benzene product from the dehydrocyclization step to produce toluene 
and xylene.  
 Dehydrocyclization step converts methane from natural gas into mainly benzene products 
using a zeolite catalyst. Four main steps are taken to achieve dehydrocyclization of methane into 
benzene. First, the natural gas feed (95% methane) is heated and fed into the dehydrocyclization 
reactor. Second, the effluent from the reactor is fed into an absorber column to separate benzene 
and naphthalene products from lighter products using Isopar G as the absorber solvent. Third, the 
lights, that mainly include methane, nitrogen, hydrogen, and ethylene are recycled and purged 
(split fraction of 4%). Lastly 96% of the recycle stream that does not get purged joins the fresh 
natural gas feed and the process is repeated. 
 The alkylation step converts the benzene effluent from dehydrocliczation step into 
toluene and xylene. Alkylation of benzene into toluene and xylene products can be separated into 
two major steps. First, benzene effluent from the dehydrocyclication step is fed into the benzene 
alkylation reactor to yield mostly toluene and xylene products. Next, the effluent from the 
benzene alkylation reactor is post-processed as to increase the yield of xylene products. Various 
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separators are utilized between first and second steps to achieve the most economical yield of 
products.  
 
Dehydrocyclization Process Outline and Progression 
 The dehydrocyclization step aims to produce benzene from methane, which is the major 
component of natural gas. In this process, the reactant stream is fed into the plug flow reactor 
which is packed with a catalyst at a given temperature and pressure. The reaction is endothermic 
and produces benzene. There were 3 major decisions taken in the process to design this part of 
the process. First, the choice of catalyst depending on the various patents that are within the 
scope of this project. The second major decision was regarding the reactor conditions to 
maximize conversion and minimize utility costs and risk of coking. The final decision was the 
choice to recycle and purge as against recycle and separate the effluent stream into its 
components. 
Catalyst Decision 
The catalyst choice was made by referring to the methane conversion and selectivity data 
provided in US Patents 6,239,057 and 6,426,442. The catalyst that gave the highest mass of 
benzene formed (conversion of methane * selectivity of benzene) was 10% Re2(CO)10/HZSM-5. 
The table used to make this decision is provided below. All data points are at a temperature of 
700⁰C and a pressure of 300kPa with a WHSV of 1440 hr-1. The row bolded is the catalyst 




C2 Benzene Naphthalene 
20% Re/HZSM-5 7% 18% 62% 13% 
15% Mo/HZSM-5 7.8% 2% 62% 24% 
10% Re2(CO)10/HZSM-5 7.5% 19% 72% 10% 
 
 





Reactor conditions Decision 
The WHSV was zeroed down to 1440 hr
-1
 by referring to US Patent 6,426,442 that 
provided a data table shown below that provided the CH4 conversion as a function of increasing 
WHSV. No data was provided for WHSV below 1440 hr
-1
. The table shows variations in CH4 
conversions with carrying WHSV holding temperature and pressure constant at 700⁰ C and 
300kPa. The data is provided for a different catalyst, but an assumption that the trend is similar 
for all HZSM-5 based catalysts was made. Therefore 1440 hr
-1









C2 Benzene Naphthalene 
10% Re/HZSM-5 1440 9.2% 27% 60% 2% 
10% Re/HZSM-5 2500 6.5% 32% 58% 3% 
10% Re/HZSM-5 5000 4.8% 50% 49% - 
10% Re/HZSM-5 10000 1.8% 60% 35% - 
 
The pressure has to be low as there are three reactions taking place simultaneously and all 
three reactions form more moles of product than reactants moles consumed. The reactions are 
presented below: 
2CH4  C2H4 + 2H2 
6CH4  C6H6 + 9H2 
10CH4  C10H8 + 16H2 
Therefore, according to Le Chatelier's Principle increasing pressure would favor the 
reverse reaction therefore the reactor needs to be operated at low pressures. Also, the reaction is 
controlled to be at 70% of the equilibrium to maximize benzene product formation. The graph 
below shows a decrease in CH4 conversion with increasing pressure. This trend was expected 
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and therefore the reaction pressure was chosen to be 300 kPa basing on the data provided in the 
two US Patents 6,239,057 and 6,426,442 [16] [17]. 
Below in Figure 3 is graph generated from ASPEN that shows the sensitivity of methane 
conversion to pressure. The y-axis represents relative conversion, i.e. the ratio of the conversion 
at a given pressure to the present methane conversion of 7.5% at 300kPa. The x-axis represents 
pressure in psi. Increasing pressure shows and exponential decrease in conversion and therefore 
increasing pressure is strongly discouraged and hence the pressure of 300 kPa was selected. 
The temperature for the reaction was selected based on the data provided in the two US 
patents mentioned above. A couple of other important considerations were to decrease the risk of 
coking and to minimize utility costs as the separation chains that follow in the alkylation step 





























Figure 3: Conversion vs. Pressure 
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methane conversion, and avoid the risk of coking, 700 
o
C was the temperature selected for the 
reaction. Temperatures below 700 
o
C reduce methane conversion and for temperatures above 
700 
o
C increase utility costs and the chances of coking but marginally increase methane 
conversion. Therefore, a quick cost benefit analysis showed that 700 
o
C is the optimum 
temperature to run operate the reactor. 
Recycle and Purge Decision 
The effluent stream that leaves the reactor contains benzene, naphthalene, hydrogen, 
nitrogen, ethylene, and methane. The benzene and naphthalene are separated using an absorber 
column with a solvent. There remaining lights need to be recycled given the 7.5% conversion of 
methane. It will not be cost effective to dispose the unreacted methane. The stream that leaves 
the absorber column contains over 90% methane, over 7% hydrogen and the rest is ethylene and 
nitrogen. Different technologies were considered to undergo this separation. For instance a 
pressure swing unit was considered to separate nitrogen and hydrogen from methane but the 
pressure required was unreasonable and the fixed costs would simply shoot up along with cost of 
utilities required. Another option was the install a PRISM separation unit licensed to Air 
Products. This again would be fixed cost intensive and did not give a good selectivity of nitrogen 
over methane and did not get rid of the ethylene. A third option of using a cryogenic separation 
method was considered but this again would increase utility costs as the effluent leaving the 
reactor is at 700
o
C and needs to be cooled to extremely low temperatures using a refrigerant. 
Upon conducting quick calculations the amount of refrigerant required was unreasonable and this 
would make the entire process energy intensive and sky rocket the variable costs required. The 
amount of Nitrogen required as a refrigerant was to the order of 11 MM lb/hr. Therefore, the 
purge was introduced into the process. A purge would not require additional fixed or variable 
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costs and the purge stream contents could be used for heating value. The spit fraction for the 
purge stream was calculated to be 4% in order to maintain steady state and to get rid of a 
considerable amount of the other lights namely ethylene, nitrogen, and hydrogen. The 
introduction of purge had one drawback of increasing the amount of fresh natural gas required 
for this process, but considering that natural gas costs $0.2 /lb the marginal increase in cost was 
less that any of the other option outlined above. 
Alkylation Process Outline and Progression 
 The alkylation process aims to produce alkylated aromatic hydrocarbon that have more 
alkyl side chains than aromatic hydrocarbons prior to the alkylation reaction. In this process, the 
primarily benzene stream from dehydrocyclization reactor is fed into an alkylation reactor with 
zeolite catalysts with an alkylating agent. Then, the product stream the reactor passes through a 
separation train, after which the effluent stream will be purified, purged, or recycled back into 
the reactor. In designing the alkylation process, variety of factors such as type of catalysts, type 
of alkylating agent, ratio of the feed to the alkylating agent, and recycle streams were considered. 
A number of flowsheets were assessed to analyze the viability and the economics. During the 
initial assessment of flowsheets, perfect separations were assumed to be achieved. Later, this 
assumption will be challenged when separation trains are designed and optimized. At the end, a 
base case flow sheet was selected based on economic analysis of gross material balances.  
Alkylating Agent  
 In the process of converting methane to alkylated aromatic hydrocarbons such as toluene 
and xylenes, the effluent from the dehydrocyclization reactor containing aromatic hydrocarbons 
has to be contacted with an alkylating agent in a catalytic reactor. According to U.S. Pat. No. 
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8,138,384, a number of choices for alkylating agents are available [3]. Alkylating agents can be 
olefin, alcohol, or alkyl halides in either gas or liquid phase.  
  For aromatic alkylation with olefins as the alkylating agent, ethylene or propylene are 
usually considered as the alkylating agents. One advantage of olefins as alkylating agent is that is 
can be produced as a byproduct from the dehydrocyclization reactor, and higher levels of olefins 
production can be achieved during the dehydrocyclization step by injecting C2+ hydrocarbons 
along with methane into the dehydrocyclization reactor. If the olefins used for alkylation are 
produced in-house, they do not need to be bought separately through external channels, and 
would thus lower the economic cost for the project. If benzene is alkylated with ethylene, the 
primary product would be ethylbenzene, which can be isomerized into mixed xylenes.  
 Another choice for alkylating agent is methanol or dimethylether (DME). Benzene and/or 
naphthalene from the dehydrocyclization effluent can be alkylated using methanol or DME to 
produce toluene, xylenes, methylnaphtalenes, and dimethylnaphthalenes. When methanol or 
DME is used as an alkylating agent, they can be generated within the process using syngas, by 
adding a carbon dioxide-containing feed gas to effluent from the dehydrocyclization step. 
However, syngas production is typically considered very costly, and during the assessment of the 
choice for alkylating agent, methanol or DME were assumed to be purchased externally.  
 Although alkyl halides such as methylchloride and methylbromide can also be considered 
for alkylating agents, methanol or DME are preferred (U.S. Pat. No. 8,138,384 [3]). When 
deciding using olefins or alcohols as alkylating agents, product formation, yield of products, 
industry standards, and economics were considered. When olefins are used during the alkylation 
process, ethylbezene is the primary product, while alcohol as alkylating agent primarily produces 
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toluene and xylene. As ethylbenzene requires an expensive isomerization unit to produce 
xylenes, alkylating agents that produces ethylbenzene were not considered for the project.  
 Therefore, alcohol was decided to be used as an alkylating. Availability of literature on 
alkylation reaction with methanol or DME as alkylating agent, especially in regards to 
conversion and selectivity, was the primary consideration when choosing between methanol and 
DME. As comprehensive laboratory data on benzene alkylation reaction under various 
conditions with methanol as alkylating agent was available, methanol was ultimately chosen as 
the alkylating agent in the base case.  
Catalysts and Reactors 
 When methanol is used as an alkylating agent, zeolite catalysts such as ZSM-5 and 
zeolite beta are required for benzene and toluene alkylation. The catalysts can be modified by 
steaming to be more selective towards p-xylene.  
 A variety of zeolite catalysts could be used for alkylation of benzene with methanol as 
alkylating agent. These include HZSM-5, H-beta, NaZSM-5, CoZSM-5, CuZSM-5, and 
modernite, with different conversions and selectivity at various operating conditions. According 
to a laboratory-scale experiment conducted by Adebajo on methylation of benzene in a low 
pressure flow reactor, the benzene and methanol conversions and selectivity to products at 
different temperatures are given as in the table below.  




Selectivity of Products 
Toluene Xylenes Others 
250⁰ C HZSM-5 26.8% 48.6% 47.6% 23.4% 29% 
H-beta 30.9% 66.2% 32.4% 21.1% 46.5% 
NaZSM-5 23.5% 40.4% 53.7% 20.3% 26% 
400⁰ C HZSM-5 44.3% 74.6% 52.2% 27% 20.8% 
H-beta 48.6% 74% 59% 29.7% 11.3% 
NaZSM-5 47.9% 84.4% 47% 29.9% 23.1% 
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 As seen in the table, as the reactor temperature increased, benzene and methanol 
conversions generally increased substantially, while selectivities to toluene and xylenes 
marginally increased. HZSM-5, NaZSM-5, H-beta, CoZSM-5 and CuZSM-5 gave comparable 
conversions and product selectivities to toluene and xylenes at 400-450°C. As the conversions 
and selectivities are comparable for the catalysts at high temperature, detailed analysis is 
required to select the catalyst that will give the best economic results. The results of the analysis 
are available in Tables 2-4, and it was determined that H-beta catalysts gave the highest 
profitability of 28.2% based on gross material balance, which excludes utility, fixed, and 
operating costs. Therefore, H-beta catalyst was chosen as the catalyst for benzene alkylation 
reactor.  
  Benzene and toluene alkylation reactions can be conducted in the same reactor with the 
same zeolite catalyst, which may lower the overall cost. However, due to the lack of data that 
gives the selectivity and conversion for both benzene and toluene alkylation under same 
operating conditions, benzene and toluene alkylation rectors were assumed to be separate. 
Therefore, two reactors were used in the alkylation process, one for benzene alkylation and one 
for toluene alkylation that could be run with different catalysts and operating conditions.  
 For toluene alkylation, a composite catalyst containing 2.9 wt. % phosphorus and 10 wt% 
of a 450:1 SiO2/Al2O3 ZSM-5 in a binder comprising of silica-alumina was used. The composite 
ZSM-5 could be steamed at high temperature at 975-1075°C to increase p-xylene selectivity. As 
the catalyst steamed at 1000°C gave the highest toluene conversion, the catalyst was decided to 
be steamed at 1000°C. At reactor temperature of 600°C and pressure of 40.5 psig, the toluene 
alkylation reaction using the ZSM-5 catalysts gives toluene conversion of 33.21%, methanol 
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conversion of 99.71%, xylene yield of 37.73 wt %, and p-xylene selectivity of 86.99% based on 
xylenes (U.S. Pat. No. 6,504,072) [18].  
Recycle Streams  
 Several options are available for main products of the alkylation process, as benzene and 
toluene can be recycled back into their respective alkylation reactors. If only the methanol is 
recycled back into the alkylation reactors without any unconverted benzene or toluene recycled 
back into the reactors, the main products of the alkylation process would be benzene, toluene, 
and xylene as seen in the flowsheet for case 1. If only unconverted benzene is recycled back into 
the reactors, the main product would be toluene and benzene as seen in the flowsheet for case 2. 
If both the unconverted benzene and toluene are recycled back into the reactors, the only product 














































 As it is not easy to determine which product options give the best economic profitability, 
coupled with different operating conditions and conversions and yields of various catalysts, an 
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economic analysis for the alkylation process based on gross material balance were conducted as 
seen in Tables 2-4. As the study by Adebajo did not specify p-xylene selectivity for the benzene 











Conversion Profitability (%, per 
lbmol of benzene) Benzene Meth
anol 
400C HZSM5 1 0.5 0.443 0.746 -9.1% 
H-beta 1 0.5 0.486 0.74 -5.1% 
NaZSM5 1 0.5 0.479 0.844 -13.7% 
CoZSM5 1 0.5 0.464 0.76 -8.4% 
CuZSM5 1 0.5 0.465 0.759 -8.9% 
450C HZSM5 1 0.5 0.51 0.8 -9.7% 
NAZSM5 1 0.5 0.5 0.79 -13.1% 
CoZSM5 1 0.5 0.52 0.82 -9.0% 
CuZSM5 1 0.5 0.52 0.83 -8.8% 
400C HZSM5 0.5 0.5 0.28 0.84 -4.3% 
HZSM5 2 0.5 0.62 0.57 -23.7% 
CuZSM5 0.5 0.5 0.3 0.84 -3.5% 
CuZSM5 2 0.5 0.64 0.6 -21.9% 











Conversion Profitability (%, per 
lbmol of benzene) Benzene Methanol 
400C HZSM5 1 0.5 0.443 0.746 -20.6% 
H-beta 1 0.5 0.486 0.74 -10.5% 
NaZSM5 1 0.5 0.479 0.844 -28.5% 
CoZSM5 1 0.5 0.464 0.76 -18.0% 
CuZSM5 1 0.5 0.465 0.759 -19.1% 
450C HZSM5 1 0.5 0.51 0.8 -19.1% 
NAZSM5 1 0.5 0.5 0.79 -26.1% 
CoZSM5 1 0.5 0.52 0.82 -17.2% 
CuZSM5 1 0.5 0.52 0.83 -16.9% 
400C HZSM5 0.5 0.5 0.28 0.84 -15.5% 
HZSM5 2 0.5 0.62 0.57 -38.2% 
CuZSM5 0.5 0.5 0.3 0.84 -11.6% 
CuZSM5 2 0.5 0.64 0.6 -34.2% 
Table 3. Profitability Calculation for Case 2. 













Conversion Profitability (%, per 






HZSM5 1 0.5 0.443 0.746 15.8% 
H-beta 1 0.5 0.486 0.74 28.2% 
NaZSM5 1 0.5 0.479 0.844 4.5% 
CoZSM5 1 0.5 0.464 0.76 17.8% 





HZSM5 1 0.5 0.51 0.8 17.3% 
NAZSM5 1 0.5 0.5 0.79 6.9% 
CoZSM5 1 0.5 0.52 0.82 18.6% 





HZSM5 0.5 0.5 0.28 0.84 23.2% 
HZSM5 2 0.5 0.62 0.57 -8.5% 
CuZSM5 0.5 0.5 0.3 0.84 27.9% 
CuZSM5 2 0.5 0.64 0.6 -4.3% 
Table 4. Profitability Calculation for Case 3. 
 While conducting the gross profitability economic analysis as seen in  Tables 2-4, side 
products of the benzene alkylation reaction were assumed as predominantly C9+ aromatics, as 
specified in the study by Adebajo [19]. However, it is highly likely that C5- products will also be 
formed as part of the benzene alkylation process. Amounts and types of side products formed in 
toluene alkylation reaction were specified in U.S. Pat. No. 6,504,072, with C5- lights and 
trimethylbenzene as the predominant side products [18]. The lower heating values of the side 
products were calculated and valued at the price of natural gas with equivalent heating value.   
 If benzene, toluene, and xylenes are produced as in case 1, all of the catalysts yield 
negative profitability, based on lbmol of bezene feed, as seen in Table 2. If benzene is recycled 
and only toluene and xylenes are produced (case 2), all of the catalysts yielded negative 
profitability as well, as seen in Table 3. If both benzene and toluene are recycled, and only 
xylenes are produced (case 3), the H-beta catalyst at 400°C with methanol/benzene feed molar 
ratio of 1 produced the best profitability of 28.2%, as seen in Table 4. CuZSM-5 catalyst at at 
400°C and methanol/benzene feed molar ratio of 0.5 yielded a similar profitability of 27.9%, and 
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HZSM-5 catalyst at 400°C and methanol/benzene feed molar ratio of 0.5 yielded the profitability 
of 23.2%.  
 Given that BTX and TX as products generally yielded unsatisfactory profitability, it was 
determined that only xylene will be mainly produced as part of the alkylation process (case 3). 
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Assembly of Database 
Transport and Thermodynamic Data 
 All transport and thermodynamic data was taken from the ASPEN Plus program and used 
directly in models.  The thermodynamic model used is RK-SOAVE for all chemical interactions.  
The model used for liquid interactions is UNIQUAC. 
Pricing Data 
 Pricing for each compound was provided in the project proposal provided.  The price is 
converted into common units of price per gallon, price per pound, and price per pound mole for 





Price/Gallon Price/lb Price / 
lbmol 
p-xylene 100000000    $       0.75   $    79.62  
Methanol 263000000 6.61  $       1.00   $       0.15   $       4.85  
Natural Gas 107500000 121.00  $       2.00   $       0.02  N/A 
 Benzene   7.31  $       3.50   $       0.48   $    37.37  
 Toluene   7.23  $       3.70   $       0.51   $    47.12  
 Other Mixed Xylene  7.26  $       3.00   $       0.41   $    43.86  
Tri-Methyl Benzene (side product)     $      1.88 
Pentane (side product)     $      1.22 
Table 6: Compound Pricing Data 
Safety and MSDS 
 Various parts of this process include flammable materials that are run at very high 
temperatures.  In addition, potentially hazardous chemicals are produced and used throughout the 
overall process.  Safety precautions should be observed by all staff and various precautions have 
been incorporated into the specified process.  Safety detailed are outlined in the Other Important 
Considerations section of this report on page 208. 
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The Material Safety Data Sheets for the reagents, products, and other chemicals used in 
this process are provided in Appendix G: Thermophysical Data & Material Safety Data Sheets 
on page 422 for reference. 
Bench-Scale Laboratory Work 
Access to a laboratory was not available throughout the concept stage of this process.  For 
full optimization of this BTX production process to be conducted, bench-scale laboratory work is 
needed to answer several key issues outlined below: 
 
1) Integration of both alkylation units into one consolidated unit 
According to journal articles and patents specified for these processes, the ideal conditions to 
alkylate toluene and benzene slightly differ from each other.  Data for conversion and selectivity 
were not available for a consolidated unit at similar operating conditions.  Because of this 
discrepancy, two separate reactors were designed to alkylate toluene and benzene into xylenes 
during the alkylation stage of the process.  It is possible, however, that a consolidated unit would 
work equally effectively and consume less energy.  Conducting bench scale laboratory work to 
determine selectivity, conversions, and products of a benzene/toluene mixture would answer this 
question and allow for the possible optimization of this step. 
It is also desired to determine whether a consolidated catalyst could be used for a integrated 
reactor unit.  Two distinct catalysts are currently used in both the toluene alkylation reactor and 
the benzene alkylation reactor.  The H-beta catalyst, which is used in the benzene alkylation step, 
is more desirable than the HZSM-5 catalyst that is used in the toluene alkylation step for the 
purposes of benzene conversion.  There is no available data, however, that determines the 
selectivity or converstion of a mixed toluene and benzene stream such as the one that exists in 
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this BTX production process available.  If during lab-scale operations a catalyst that effectively 
converted both toluene and benzene effectively into xylenes, preferably p-xylene, could be 
found, the process would become further optimized. 
 
2) The effect of increasing pressure and temperature of dehydrocyclization reactor unit 
It is desired to determine the effect of increasing pressure and reducing temperature of the 
dehydrocyclization unit on the conversion and selectivity of the products on this part of the 
process.  This is desired because the separation processes and dehydrocyclization reaction 
conditions are vastly different from one another and so a sizable amount of energy is consumed 
while continuously changing the thermodynamic conditions of the streams.  The separation 
processes are run at low temperature and high pressure whereas the dehydrocyclization reactor is 
run at low pressure and high temperature.  Determining the sensitivity of conversion and 
selectivity to reactor temperature and pressure would be ideal to determine how much energy can 
be saved in this process. 
 
3) Absorptivity of methanol in sulfolane solvent 
It is desired to determine an accurate amount of methanol that will be absorbed into the selected 
sulfolane solvent during the decanting process of this design.  The data available in the ASPEN  
Plus module seems to indicate that a large amount of methanol will be absorbed in sulfolane 
despite reports from industry experts during consulting meetings that it will not be, regardless of 
thermodynamic property model used.  This conflict of information would be settled with simple 
bench-scale laboratory experiments to determine the actual solubility of methanol in sulfolane. 
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Process Flowsheet and Material Balances 
For ease of reading, the following process flowsheet is divided into five connected 
sections.  The left hand side of each page shows the process flow diagram, and the right hand 
side of each page shows the stream reports.  













































  S-101 S-102 S-103 S-104 S-105
Benzene 0 16528 16528 16528 16528
Toluene             0 0 0 0 0
P-Xylene             0 0 0 0 0
M-Xylene               0 0 0 0 0
O-Xylene 0 0 0 0 0
n-Pentane    0 0 0 0 0
C9+             0 0 0 0 0
Methanol            0 0 0 0 0
Napthalene             0 56 56 56 56
Water               0 0 0 0 0
Carbon Dioxide 36478 723936 723936 723936 723936
Methane 315806 2586460 2586460 2586460 2586460
Ethylene 0 607916 607916 607916 607916
Nitrogen 5805 116089 116089 116089 116089
Hydrogen 0 662296 662296 662296 662296
Trimethylhexane 0 149525 149525 149525 149525
Total Flow  lb/hr         358088 4862800 4862800 4862800 4862800
Temperature F             77 94 197 1380 1380
Pressure    psia          44 44 72 69 44
Enthalpy    Btu/lb        -2154 -1542 -1453 -283 -283
     
S-106 S-107 S-108 S-109 S-110
Benzene 129872 129872 129872 129872 129872
Toluene             0 0 0 0 0
P-Xylene             0 0 0 0 0
M-Xylene               0 0 0 0 0
O-Xylene 0 0 0 0 0
n-Pentane    0 0 0 0 0
C9+             0 0 0 0 0
Methanol            0 0 0 0 0
Napthalene             15555 15555 15555 15555 15555
Water               0 0 0 0 0
Carbon Dioxide 723936 723936 723936 723936 723936
Methane 2390530 2390530 2390530 2390530 2390530
Ethylene 640142 640142 640142 640142 640142
Nitrogen 116089 116089 116089 116089 116089
Hydrogen 697153 697153 697153 697153 697153
Trimethylhexane 149525 149525 149525 149525 149525
Total Flow  lb/hr         4862800 4862800 4862800 4862800 4862800
Temperature F             1292 104 287 90 89
Pressure    psia          39 36 97 94 69
Enthalpy    Btu/lb        -174 -1440 -1271 -1451 -1451
Thermodynamic Properties
Thermodynamic Properties
Mass Flow   lb/hr
Mass Flow   lb/hr









S-201 S-202 S-203 S-204 S-205 S-207 S-208 S-209 S-210 S-211
Benzene 160790 143471 143471 0 0 78 78 78 112473 112473
Toluene             0 0 0 0 0 0 0 0 0 0
P-Xylene             0 0 0 0 0 0 0 0 0 0
M-Xylene               0 0 0 0 0 0 0 0 0 0
O-Xylene 0 0 0 0 0 0 0 0 0 0
n-Pentane    0 0 0 0 0 0 0 0 0 0
C9+             0 0 0 0 0 0 0 0 0 0
Methanol            0 0 0 0 0 0 0 0 0 0
Napthalene             15555 23067 23067 15492 15492 7572 7572 7572 3 3
Water               0 0 0 0 0 0 0 0 0 0
Carbon Dioxide 735228 11587 11587 0 0 0 0 0 299 299
Methane 2416720 26557 26557 0 0 0 0 0 374 374
Ethylene 649746 9834 9834 0 0 0 0 0 232 232
Nitrogen 116262 174 174 0 0 0 0 0 0 0
Hydrogen 697154 0 0 0 0 0 0 0 0 0
Trimethylhexane 150168 4119030 4119030 18136 18136 4062160 4062160 4062160 38069 38069
Total Flow  lb/hr         4941620 4333720 4333720 33629 33629 4069810 4069810 4069810 151450 151450
Temperature F             90 92 91 354 354 327 90 90 90 90
Pressure    psia          69 69 15 17 40 16 15 69 15 40
Enthalpy    Btu/lb        -1441 -873 -873 -203 -203 -658 -906 -906 -34 -34
S-212 S-213 S-214 S-215 S-216 S-217 S-218 S-219 PURGE PROD-N
Benzene 112473 30919 30919 0 78 17398 17398 16528 870 0
Toluene             0 0 0 0 0 0 0 0 0 0
P-Xylene             0 0 0 0 0 0 0 0 0 0
M-Xylene               0 0 0 0 0 0 0 0 0 0
O-Xylene 0 0 0 0 0 0 0 0 0 0
n-Pentane    0 0 0 0 0 0 0 0 0 0
C9+             0 0 0 0 0 0 0 0 0 0
Methanol            0 0 0 0 0 0 0 0 0 0
Napthalene             3 0 0 0 7572 59 59 56 3 15492
Water               0 0 0 0 0 0 0 0 0 0
Carbon Dioxide 299 11288 11288 0 0 723641 723641 687459 36182 0
Methane 374 26183 26183 0 0 2390160 2390160 2270650 119508 0
Ethylene 232 9602 9602 0 0 639912 639912 607916 31996 0
Nitrogen 0 173 173 0 0 116088 116088 110284 5804 0
Hydrogen 0 0 0 0 0 697154 697154 662296 34858 0
Trimethylhexane 38069 648 648 64095 4126260 157395 157395 149525 7870 18136
Total Flow  lb/hr         151450 78814 78814 64095 4133910 4741810 4741810 4504720 237090 33629
Temperature F             90 90 314 90 90 96 95 95 95 342
Pressure    psia          15 15 69 69 69 69 44 44 44 15














S-301 S-302 S-303 S-304 S-305 S-306 S-307 S-308 S-309 S-310 S-311 S-312
Benzene 0 217412 217412 217412 217412 111684 111684 111684 111684 112373 112373 112373
Toluene             0 38420 38420 38420 38420 112022 112022 112022 112022 282482 282482 282482
P-Xylene             0 24 24 24 24 10691 10691 10691 10691 94485 94485 94485
M-Xylene               0 15 15 15 15 21349 21349 21349 21349 30058 30058 30058
O-Xylene 0 3 3 3 3 10670 10670 10670 10670 14441 14441 14441
n-Pentane    0 47 47 47 47 47 47 47 47 3848 3848 3848
C9+             0 1 1 1 1 18367 18367 18367 18367 21264 21264 21264
Methanol            69792 89172 89172 89172 89172 23132 23132 23132 23132 23958 23958 23958
Napthalene             0 3 3 3 3 3 3 3 3 3 3 3
Water               0 5834 5834 5834 5834 42963 42963 42963 42963 67264 67264 67264
Carbon Dioxide 0 340 340 340 340 340 340 340 340 340 340 340
Methane 0 397 397 397 397 397 397 397 397 397 397 397
Ethylene 0 242 242 242 242 242 242 242 242 242 242 242
Nitrogen 0 0 0 0 0 0 0 0 0 0 0 0
Hydrogen 0 0 0 0 0 0 0 0 0 0 0 0
Trimethylhexane 0 38069 38069 38069 38069 38069 38069 38069 38069 38069 38069 38069
Total Flow  lb/hr         69792 389978 389978 389978 389978 389978 389978 389978 389978 689223 689223 689223
Temperature F             77 105 105 752 751 840 208 313 309 697 90 90
Pressure    psia          15 15 51 48 23 18 15 43 18 18 15 45
Enthalpy    Btu/lb        -3201 -751 -750 -214 -214 -374 -631 -591 -591 -258 -786 -786
S-313 S-314 S-315 S-316 S-317 S-318 S-319 S-320 S-321 S-322
Benzene 112373 112213 160 160 160 160 160 160 0 0
Toluene             282482 282346 137 137 137 137 137 137 0 0
P-Xylene             94485 94465 20 20 20 20 20 20 0 0
M-Xylene               30058 30052 6 6 6 6 6 6 0 0
O-Xylene 14441 14438 2 2 2 2 2 2 0 0
n-Pentane    3848 3847 1 1 1 1 1 1 0 0
C9+             21264 21263 1 1 1 1 1 1 0 0
Methanol            23958 4586 19372 19372 19372 19325 19325 19325 47 47
Napthalene             3 3 0 0 0 0 0 0 0 0
Water               67264 498 66765 66765 66765 5828 5828 5828 60938 60938
Carbon Dioxide 340 303 37 37 37 37 37 37 0 0
Methane 397 378 18 18 18 18 18 18 0 0
Ethylene 242 235 7 7 7 7 7 7 0 0
Nitrogen 0 0 0 0 0 0 0 0 0 0
Hydrogen 0 0 0 0 0 0 0 0 0 0
Trimethylhexane38069 38069 1 1 1 1 1 1 0 0
Total Flow  lb/hr         689223 602695 86528 86528 86528 25543 25543 25543 60985 60985
Temperature F             90 100 100 100 100 128 128 128 217 217
Pressure    psia          20 20 20 42 17 15 40 15 16 40
Enthalpy    Btu/lb        -786 -42 -5968 -5968 -5968 -3950 -3949 -3949 -6677 -6677
0
Mass Flow   lb/hr
Thermodynamic Properties
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S-402 S-403 S-404 S-405 S-406 S-407 S-408 S-409 S-410 S-411 S-412 S-413 S-414 S-415 S-416 S-417
Benzene 112213 112213 112213 112213 112 112101 112101 112101 104779 104779 104779 7321 7321 7321 7321 7321
Toluene             282346 282346 282346 282346 565 281781 281781 281781 38283 38283 38283 243498 243498 243498 243023 243023
P-Xylene             94465 94465 94465 94465 1889 92575 92575 92575 4 4 4 92572 92572 92572 2662 2662
M-Xylene               30052 30052 30052 30052 601 29451 29451 29451 9 9 9 29442 29442 29442 3941 3941
O-Xylene 14438 14438 14438 14438 289 14149 14149 14149 0 0 0 14149 14149 14149 37 37
n-Pentane    3847 3847 3847 3847 3801 46 46 46 46 46 46 0 0 0 0 0
C9+             21263 21263 21263 21263 425 20838 20838 20838 0 0 0 20838 20838 20838 0 0
Methanol            4586 4586 4586 4586 4531 55 55 55 55 55 55 0 0 0 0 0
Napthalene             3 3 3 3 0 3 3 3 0 0 0 3 3 3 0 0
Water               498 498 498 498 492 6 6 6 6 6 6 0 0 0 0 0
Carbon Dioxide 303 303 303 303 299 4 4 4 4 4 4 0 0 0 0 0
Methane 378 378 378 378 374 5 5 5 5 5 5 0 0 0 0 0
Ethylene 235 235 235 235 232 3 3 3 3 3 3 0 0 0 0 0
Nitrogen 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hydrogen 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Trimethylhexane38069 38069 38069 38069 37612 457 457 457 0 0 0 457 457 457 5 5
Total Flow  lb/hr         602695 602695 602695 602695 51222 551473 551473 551473 143193 143193 143193 408280 408280 408280 256989 256989
Temperature F             101 101 302 298 298 185 343 153 182 182 182 256 256 256 267 267
Pressure    psia          128 103 98 73 73 3 45 17 15 40 15 18 55 30 26 79
Enthalpy    Btu/lb        -42 -42 59 59 -944 259 315 81 257 257 257 74 74 74 146 146
S-418 S-419 S-420 S-421 S-422 S-423 S-424 S-425 S-426 S-427 S-429 S-430 S-431 PROD-MX PROD-PX
Benzene 0 0 0 0 0 0 0 0 0 0 0 112101 0 0 0
Toluene             475 475 475 0 0 475 475 475 2 2 472 281781 475 472 2
P-Xylene             89910 89910 89910 1610 1610 88300 88300 88300 85651 85651 2649 92575 88300 2649 85651
M-Xylene               25502 25502 25502 537 537 24965 24965 24965 125 125 24840 29451 24965 24840 125
O-Xylene 14112 14112 14112 2058 2058 12054 12054 12054 60 60 11994 14149 12054 11994 60
n-Pentane    0 0 0 0 0 0 0 0 0 0 0 46 0 0 0
C9+             20837 20837 20837 20797 20797 41 41 41 0 0 40 20838 41 40 0
Methanol            0 0 0 0 0 0 0 0 0 0 0 55 0 0 0
Napthalene             3 3 3 3 3 0 0 0 0 0 0 3 0 0 0
Water               0 0 0 0 0 0 0 0 0 0 0 6 0 0 0
Carbon Dioxide 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0
Methane 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0
Ethylene 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0
Nitrogen 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hydrogen 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Trimethylhexane452 452 452 25 25 426 426 426 2 2 424 457 426 424 2
Total Flow  lb/hr         151290 151290 151290 25030 25030 126260 126260 126260 85841 85841 40420 551473 126260 40420 85841
Temperature F             337 337 337 406 339 353 302 303 303 90 90 153 303 90 90
Pressure    psia          29 79 54 44 19 38 33 140 45 40 40 42 115 15 15
Enthalpy    Btu/lb        5 5 5 -44 -44 31 3 4 6 -93 -104 81 4 -104 -93
Mass Flow   lb/hr
Thermodynamic Properties
Mass Flow   lb/hr
Thermodynamic Properties








S-502 S-503 S-504 S-505 S-506 S-507 S-508
Benzene 0 0 7321 7321 7321 688 688
Toluene             0 0 243023 243023 243023 170461 170461
P-Xylene             0 0 2662 2662 2662 83794 83794
M-Xylene               0 0 3941 3941 3941 8709 8709
O-Xylene 0 0 37 37 37 3771 3771
n-Pentane    0 0 0 0 0 3801 3801
C9+             0 0 0 0 0 2897 2897
Methanol            42256 42256 42256 42256 42256 826 826
Napthalene             0 0 0 0 0 0 0
Water               0 0 0 0 0 24300 24300
Carbon Dioxide 0 0 0 0 0 0 0
Methane 0 0 0 0 0 0 0
Ethylene 0 0 0 0 0 0 0
Nitrogen 0 0 0 0 0 0 0
Hydrogen 0 0 0 0 0 0 0
Trimethylhexane 0 0 5 5 5 0 0
Total Flow  lb/hr         42256 42256 299246 299246 299246 299246 299246
Temperature F             77 77 216 1112 1111 1331 1112
Pressure    psia          15 79 79 76 51 46 43
Enthalpy    Btu/lb        -3201 -3201 -327 322 322 322 178
Mass Flow   lb/hr
Thermodynamic Properties




Dehydrocyclization and Benzene Production 
 
 Conversion of methane to benzene, toluene, and xylene begins by dehydrocyclization of 
methane into aromatics. Available dehydrocyclization reactions are discussed in US 6,239,057 
[17]. All of these processes catalytically convert methane into benzene with traces of alkylated 
aromatic rings. Toluene and xylene produced here are considered too small in fraction relative to 
their concentrations later in the process. As such, production of such traces are ignored. 
Hydrogen, 2-carbon species (which the review of kinetic studies by Goodman et al.
 
 accounts for 
as largely ethylene  [20]), naphthalene and other multiple ringed aromatics are produced as a side 
product. 
 Effluent from the dehydrocylization reactor is sent to an absorption column to liquefy the 
aromatic fraction while recycling a largely methane stream. The recycle of methane is essential 
for such a low conversion process. A purge is used to remove nitrogen, hydrogen, and C2 inerts 
from the methane recycle. Benzene and aromatic heavies are separated to provide feed for the 
alkylation process. 
 
Section 1 - Dehydrocyclization Reactor 
 
 In order to convert methane to cyclic aromatics, a controlled pyrolysis reaction is 
conducted on an acidic aluminosilicate zeolite catalyst. The zeolites are chosen to promote 
reaction up to a certain molecule size, preventing complete pyrolysis of methane to coke. 
 Methane pyrolysis yields are known to change rapidly from limited conversion of 
methane to complete coking. In order to produce desirable one-ring aromatic products, the 
reaction conditions are highly controlled and follow closely to conditions listed in US 6,239,057
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[17]. Operation at higher pressure is undesirable due to the thermodynamics of the pyrolysis 
reaction. High temperature is difficult to maintain given that the reaction is highly endothermic. 
The feed to the reactor combines fresh natural gas and recycled methane. The feed is first 
compressed and heated up to reactor temperature. Compression is used both to propel gases 
through the heat exchanger and the reactor and to provide some supplementary heating to the 
feed stream through compressor inefficiency.  Heat exchanger pressure drops follow Seider’s 
recommendation depending on the phase of the fluid (5psi for liquid-liquid, 3 for vapor-vapor, 
etc.) [21].  All reactors were designed to have a pressure drop of 5psia, accordingly. 
 Heat control is the primary concern during the design of the reactor chain. Because heat 
will be consumed rapidly, attempts to run reactors in isothermal modes will be difficult. The 
preferred implementation does not attempt to do so. This is because all of the input heat will be 
provided from a gas furnace. Operation of an isothermal reactor limits the tube side heat transfer 
to fluid conditions conducive to the reaction rather than to conditions optimal for furnace heat 
recovery. Consequently reactors are run adiabatically with a WHSV of 1440 hr
-1
.  
 A swing reactor is recommended to allow for catalyst bed regeneration after prolonged 
catalyst deactivation. Regeneration of a coked reactor can be conducted through heating in the 
presence of oxygen or, preferably, hydrogen. Sintered catalyst can be replaced. 
 Alternative implementations include multiple thin packed bed tubes placed within the 
furnace. This allows for isothermal operation by combining heat transfer and reactor elements. 
This style reactor is frequently employed in steam reforming [22]. Unfortunately, coking and 
catalyst regeneration becomes a major concern. Tubes may be operated in bundles such that one 
is running under regenerating conditions while the others react. The furnace will need to shut 
down to allow for catalyst replacement, however. 
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 Another alternative implementation is that of the fluidized bed. With enough circulation, 
heat transfer properties may be good enough to operate isothermally. Also, fluidized bed 
operation allows for continual cycling of catalyst for regeneration. 
 
Section 2 - Benzene Recovery 
 
 Benzene recovery from the effluent is conducted via an absorption tower. Feed to the 
absorption tower is cooled to 90F to maximize liquid recovery, minimizing solvent flow rates 
and tower sizes. 90F is chosen as a minimal temperature to allow cooling water to be used as the 
heat withdrawal utility. Effluent and lean solvent are pressurized before entry to the absorption 
tower in order to maximize liquid recovery. Cost of pressurization is factored against cost of 
solvent in order to optimize the tower. For the proposed implementation, pressurization is kept to 
the minimal amount required to propel gases through the recycle stream without additional 
compressors. This incurs minimal compressor cost. 
 Exxon Mobil paraffin mixture Isopar G is chosen as the desired solvent for proposed 
separation. The mixture is modeled in Aspen as a tetramethylated hexane, which approximates 
Isopar G's mixture of C10 and C11 aliphatics with normal boiling points around 230F. The boiling 
point was chosen as the distinctive property in order to simplify separation between both benzene 
and naphthalene while remaining liquid phase in methane excess. Benzene recovery tends not to 
differ between multiple types of solvents as the intramolecular forces are primarily Van der 
Waals interactions of non-polar liquids. Hence, absorption is improved by additional solvent 
flow and pressurization. Isopar G as a cheap, readily available solvent allows for high solvent 
flow rates for low pressure operation. Substituted alkanes are also preferable to run at low 
temperature (like 90F) without solidification. 
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 An alternative schema for solvent choice may be to minimize heat of vaporization to 
improve efficiency of solvent recycle. However, different operating conditions may be needed to 
maintain liquid solvent. 
 A six stage absorption column is used to separate absorbed benzene from methane, 
ethylene, and other gases. Lean solvent feed rate was chosen to give benzene recovery of at least 
90% without loss of solvent to the vapor stream. 
 Solvent is recovered in a 20-stage distillation tower. The distillation tower uses a side 
stream to recover solvent in high volumes between benzene and naphthalene. A side stream is 
used to minimize equipment and utility costs over an alternative design with two distillation 
towers. High purity solvent is unnecessary in the side stream due to recycle of recovered solvent 
back through the absorption units. High purity naphthalene product is also unnecessary as that 
stream will be used for heating value. A partial condenser is used on the distillation tower to 
remove light gases before entry into the alkylation process. These gases are recycled back to the 
absorption tower feed. 
 Tower design follows Malone's
 
method for side-stream distillation with sharp splits [23]. 
The split between benzene and Isopar G is designed to maximize benzene recovery and minimize 
escape of solvent into the distillate. This separation governs the optimized reflux ratio of the 
column, so design proceeds as in Appendix B for the ordinary distillation tower. The side stream 
is placed below the feed to ensure a good split in the rectifying section. The side stream is taken 
as vapor to improve recovered solvent purity. The stripping section is designed to use as few 
plates as necessary while separating product streams without compromising purity. 
 Residual solvent or light gases that exit with benzene can be removed in the alkylation 
process in the Sulfolane absorption unit. 
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 Lean gases from the absorber are already sufficiently pressurized to recycle back to the 
feed gas stream with a 25 psi pressure drop, accounting for piping and control. A 4% purge 
stream splitter is applied to the recycle stream. The purge stream removes all inert materials 
present in the dehydrocyclization process, albeit at a cost of 38% of feed benzene ultimately lost 
to purge. These inerts include carbon dioxide and nitrogen present in the feed gas and hydrogen 
and ethylene generated in the reactor. 
 Alternative implementations may attempt to recover the inert gases. Cryogenic separators 
are highly cost ineffective in terms of refrigerant costs and in terms of nitrogen to methane 
selectivity above the nitrogen's boiling point. Hydrogen can be recovered in pressure swing 
absorbers or membrane separators. However, hydrogen is not present in large quantities, so the 
pressurization and additional instrumentation required by these technologies are cost ineffective 
for the hydrogen product yield. In addition, ethylene and nitrogen cannot be removed with these 
methods, so a purge would still be required. 
 The purge stream contains large amounts of methane, so it cannot be released into the 
environment without flaring. Hence, this stream will be burned for heating value elsewhere in the 
process, achieving some value out of the generated hydrogen. Because the feed natural gas 
stream contains only a very low fraction of nitrogen (1%), thermal NOx generation should be 
very low, particularly at a furnace temperature around 1600°F (Bartholomew et al. suggest 
1500°C as the threshold for thermal NOx generation from atmospheric air) [22]. Consequently, 
burning the purge stream is environmentally safe. 
 
Alkylation and Xylene Production 
 
 Benzene from the dehydrocyclization section is alkylated with methane to produce 
toluene and xylene. The toluene is subsequently alkylated to produce additional xylenes. A 
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separation train is designed to maximize recycle of unalkylated benzene and toluene while 
recovering xylene products. Xylene products are split into high value, high purity p-xylene and 
into mixed xylenes. 
 
Section 3 - Benzene Alkylation Reactor and Methanol Recovery 
 Benzene from the dehydrocyclization process is mixed with methanol and sent to a R-
301. The reactor is run at 752°F as an adiabatic packed bed. The catalyst choice here is an H-
Beta catalyst used in experiment by Adebajo et al [19]. Feed methanol is kept to the ratios in 
Adebajo et al. to run methanol as the limiting reagent. 
Both benzene and methanol feed are kept in storage tanks to control the feed to the 
alkylation reactor in appropriate proportion. The benzene tank can also maintain benzene feed to 
the alkylation sections in the event of a failure in the dehydrocyclization or benzene recovery 
sections (Sections 1 and 2).  The available downtime for failure in Sections 1 and 2 is 8 hours, or 
1 shift. The downtime is kept short because a swing reactor should be kept on hand for reactor 
failures and 8 hours should be sufficient to reflux and restart any failing columns. The tank is 
kept half full in case additional storage is needed during an alkylation reactor failure. The 
methanol feed tank allows for fluctuations in methanol delivery from an adjacent plant. Effluent 
from the alkylation reactors is combined into another storage tank which feeds the separation 
train. This allows for product distillation in the event of reactor failure or it allows for effluent 
storage in the event of a failure in the separation train. 
 The effluent first passes through a heat exchanger to cool and liquefy the stream. This 
allows water to be removed by decanting. Liquid water helps extract polar methanol away from 
the organic phase. This methanol can then be separated from the water and recovered. Methanol 
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recovery motivates the selection of the decanting unit to lead the separation train. If the 
decanting unit falls after the aliphatic absorber, much of the methane will be lost to the aliphatic 
stream. The aliphatic absorber must precede the aromatic fractionation as an aliphatic compound 
with an intermediate boiling point may not be able to be removed otherwise. 
 Alternative water removal technologies may include industrial drying, although that is 
more applicable for smaller volumes of water. Distillation can also be used, although high 
fractions of organics will be present in the aqueous distillate. 
 The water from the decanter is rich in methanol which is desired to be recovered so as to 
minimize alkylating agent purchase costs. A distillation column suffices to recover methanol 
from the liquid stream. 
 Alternative processes suitable for methanol recovery would be membrane separators. 
These separations are less heat intensive but do require additional pumping and pressurization to 
increase permeability. Membrane separations are also modular and are difficult to scale for the 
size of our process. 
 
Section 4- Aromatic Separation Train 
 
 Effluent from the alkylation reactors are fractionated into the following streams: a 
benzene rich recycle to return to the benzene alkylation reactor, a toluene rich recycle to return to 
the toluene alkylation reactor, a p-xylene rich product, a mixed xylene product poor in p-xylene, 
methanol recycle, and heavy aromatics for use as heating value. Water produced from 
methylation is also removed. Any aliphatic species present in the effluent are removed via a 
sulfolane absorption process. Distillation is employed for almost all separations with UOP's 
Parex adsorption process implemented to obtain a p-xylene product. 
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 Once aliphatic species are removed, the aromatic stream is split into a benzene-rich 
stream, a toluene-rich stream, a near-pure xylene stream, and a heavy fuels stream. Both by 
following heuristics found in Seider et al. and by testing alternative schema, the direct sequence 
distillation train was found to be most cost effective in producing the four desired streams [21]. 
 Design of distillation towers was accomplished as in the example in Appendix B. Tower 
pressures were optimized to allow each condenser to heat the previous reboiler (except in the 
case of the xylene/toluene split where the Parex unit is expected to couple to this heat source, as 
suggested by Jeanneret) [24]. Tower splits were determined by limitations imposed by the Parex 
process and by optimization of tower size (in the case of increased recycle of inerts) vs. tower 
height to determine the best purity of the recycle streams. 
 An alternative schema to the proposed distillation train is to run columns in a different 
sequence or to combine towers. Alternative sequences are tested and rejected for cost effective 
implementation of the process. The benzene and toluene towers, however, may be combined into 
a single column with a toluene-rich side stream drawn. This alternative is possible because purity 
requirements of the benzene and toluene recycles are not stringent. However, the allowable 
benzene in the bottoms product is strictly controlled in order to minimize benzene in the xylene 
distillate in the subsequent column. Hence the preferred process is to split the fractionation into 
two towers, optimizing recycle purity and minimizing benzene bottoms. 
 
Block COL-401 - UOP Sulfolane Aromatic Purification 
 
 The Shell/UOP Sulfolane Aromatic Purification process is designed to remove aliphatic 
hydrocarbon species with boiling points between that of benzene and xylene. Without such a 
process, these species would be continually recycled and would build up in the process. In 
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addition, an aromatic removal unit allows for convenient disposal of residual Isopar G from 
Section 1.2 or of carbon-5 or lighter species produced during alkylation reaction. 
 Design of the UOP Sulfolane process would follow from hiring a UOP consultant. In 
terms of preliminary design, the cost of a typical process has been scaled to match our feed flow 
rates. A description of a typical process is provided here. Unit descriptions for Sulfolane 
equipment are not provided nor specified because sizing and operating conditions are proprietary 
knowledge and are unavailable for preliminary study. 
 Feed to the process enters a countercurrent extractor with lean sulfolane solvent. 
Aromatic species are absorbed into the solvent while aliphatic species are withdrawn at the top 
of the extractor. This raffinate stream is washed with water to remove vaporized solvent. The 
water/solvent mixture is then sent back into the extractor. Non-aromatic species that were 
dissolved with the solvent are separated from the aromatics by extractive distillation in a stripper 
column. The overhead of the stripper is recycled to the extractor. The bottoms of the stripper is 
sent to a solvent recovery column to remove sulfolane solvent from the aliphatic-free stream. 
The recovery column is run as a vacuum tower to maximize energy efficiency while taking 
advantage of the large disparity in boiling points between single ring aromatics and sulfolane. 
Finally a solvent regenerator is included in the process in order to recover any solvent that has 
been degraded or oxidized. 
 According to Jeanneret, a 
typical sulfolane plant consists of a 
94-rain deck tray extractor column, 
an 8-jet deck tray wash column, a 
34-sieve tray stripper column, and a 
Figure A: Diagram of Shell/UOP Sulfolane Process. Reprinted from Alaska 
Department of Environment Conservation [27]
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34-valve tray recovery column [24]. All equipment is specified as carbon steel except for the 
stainless steel solvent regenerator reboiler which contacts oxidized solvent. The Sulfolane 
process is also fully heat integrated with around 11 heat exchangers. Requisite feed conditions 
and exit conditions are given by GB 869,698 assigned to Royal Shell. 
 Separation of components is advised by Jason Mill from UOP and from Jeanneret
 
[24]. 
Correspondence with Mill detailed that almost all aliphatic species will be separated from the 
aromatics. Due to recent UOP interest in methanol, it is unknown if methanol will be recovered 
with the aromatic phase due to good polar solubility in the extractor or whether the methanol will 
be removed as too volatile. For the purposes of preliminary design, all methanol is assumed to be 
removed. If methanol is recovered, it is recycled back to reactor R-301 with the benzene recycle 
stream, saving on methanol purchase costs. 
 Jeanneret detailed the expected recovery of components: 99.9% benzene recovery, 99.8% 
toluene recovery, and 98% xylene recovery. Heavier aromatics were assumed to be recovered at 
xylene recovery rates. A product purity of 99% aromatics was used as the specification for the 




Block COL-405 - UOP Parex Adsorption 
 
 The UOP Parex process is used to recover high purity p-xylenes for sale from a stream of 
mixed xylenes. The Parex system is chosen over other process options like crystallization in 
order to maximize p-xylene recovery in a single pass. Multiple passes are more suitable if a 
xylene isomerization reactor is run. However, benzene is a common byproduct of a typical 
xylene isomerization reaction. For naphtha reforming plants, this benzene can be sold at a profit, 
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but for the natural gas to BTX process, this benzene represents wasted methanol if it is produced 
from a xylene isomerization unit. 
  
 
The Parex process operates by using a zeolite adsorbent to recover p-xylene. The sorbent 
is split into 24 beds each connected to a central rotary valve. The rotary valve cycles the system 
among four operating settings: feed in, desorbent in, p-xylene extract out, mixed xylene raffinate 
out. The extract is sent to an extract column for separation of p-xylene from the desorbent. The 
overhead is then sent to a finishing column to achieve desired p-xylene purity. The raffinate is 
also separated from the desorbent in another column. A small slipstream is taken from the 
raffinate column bottoms in order to reject heavy component buildup in the desorbent recycle. 
 Like the Sulfolane process, full specification of the Parex process will require hiring a 
UOP consultant. Recovery of p-xylene is quoted at 97% in Jeanneret. P-xylene purity is set by 
Figure B: Diagram of UOP Parex process. Reprinted from Jeanneret [24]
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the market and will be achieved during the consulted design of the Parex unit. Although the 
process design assumes a p-xylene purity of 99.7%, approximated costs of the Parex unit are 
abstracted from a plant with 99.9% p-xylene purity in order to accommodate for higher purity p-
xylene requirements in the future. 
 Inlet and outlet conditions to the Parex process were determined by US 3,686,342, the 
original patent licensed to UOP. Restrictions on feed composition were specified by Jeanneret to 
contain no more than 500 ppm of C9+
 
aromatics and no more than 500 ppm benzene [24] [25]. 
 
Section 5 - Toluene Alkylation Reactor 
 
 Toluene from the separation train is alkylated with methanol in another packed bed 
reactor. This reactor is run with an H-ZSM-5 catalyst at 1112°F. With laboratory experiment, 
conditions may be found to run both benzene and toluene alkylation steps in the same reactor. In 
the current embodiment, maximal conversion to xylenes requires two dedicated reactors to 
optimize conversion of both benzene and toluene. 
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Energy Balance and Utility Requirements 
  The proposed process is designed to operate cost effectively with minimal impact on the 
environment. Consequently, heat integration is of utmost importance to the objectives in the 
design. Heat integration was accomplished using the minimum utility heat exchanger network 
design protocol proposed by Umeda et al. as found in Seider et al. [21]. A full explanation of the 
procedure can be found in Appendix A. 
 For all heat exchangers, minimum approach temperature is considered using heuristic 26 
in Seider et al [21]. Hot temperature heat exchangers (taken in this report to be >600°F) are kept 
with an MTA of 50°F. Cold temperature exchangers (<250°F) are allowed to approach 10°F. 
Medium temperature exchangers use a minimum approach of 20°F. For the purposes of this 
energy balance, condensers, compressors, and reactors are treated to operate as fixed temperature 
heat sources or sinks. This is not the case with reactor interstage cooling, so an MTA of 150°F is 
used. This value spans both the maximum allowable adiabatic temperature drop of the reactor 
and the MTA at high temperature. 
 These rules for minimum temperature approaches are violated in one case: the preheater 
for the dehydrocyclization reactor is allowed to approach 10°F. This is because this heat 
exchange is essential for heat recovery of the process (see Heat Integration Alternatives, page 
70). In order to accommodate for the more precise heat exchange, a series of heat exchangers are 
employed to obtain the necessary area for heat exchange. If such an approach proves impossible, 
an additional 280 million BTU of hot utilities will be needed for the dehydrocyclization reactor 
feed stream S-103. This increases hot utility costs by 12%. The effects of increased utility costs 
can be seen in the Sensitivity Analyses section of this report on page 196. 
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 The following process diagrams and their associated tables disclose the heat transferred 
between streams along with the utility requirements. Also refer to page 83 for detailed diagrams 
of the heat exchange network. 
Utilities: 
 The proposed process requires 2.3 million BTU/hr of fuel, 112,000 gal/min cooling 
water, 300,000 lb/hr high pressure steam, 41,000 lb/hr medium pressure steam, and 61,000 lb/hr 
of wastewater treatment. Steam utilities are used primarily for proprietary processes for which 
specifications were previously established. For all other hot utilities, fuel heating is used as it is 
both the cheapest (see Table A for a price comparison) and is available at the highest 
temperature. Natural gas for fuel is also readily available on site as the major reactant in the 
process. Also, purge streams, naphthalene, and aliphatic products are useful for burning. 
 Cooling water is assumed to enter the process at ambient temperature, which is listed as 
77°F in Sieder et al [21]. Cooling water is not allowed 
to leave above 120°F in order to prevent fouling [21].  
Although the permitted temperature range of cooling 
water is above the typical 30°F, the temperature range 
falls below the limit of 45°F suggested in Walas to prevent scaling [26]. The expanded 
temperature range is used to minimize the cooling water requirements, which comprises a 
substantial portion of the annual costs. In the event that cooling water must be used above this 
temperature, additional cooling water may be pumped or chilled water may be used. 
 Fuel gas is assumed to combust at temperatures greater than 1400°F.  This means that 
flue gas can be used to directly heat the dehydrocyclization reactor running at 1292°F. This 
Hot Utility Cost per Million BTU
High Pressure Steam $1.54
Medium Pressure Steam $1.31
Fuel $1.05
Table A: Price Comparison for Hot Utilities 
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specification for combustion temperature is very high, but is achievable as furnaces can be run to 
2000°F. 
 Water produced from methanol alkylation is separated from the organic products in 
decanter unit COL-301. After distillation to recover methanol, water with a small fraction of 
organics (mostly methanol) must be disposed. Wastewater treatment will be conducted off site 
on a contract basis. 
 
Fuel Requirements
Exchanger Stream Q (BTU/hr)
H-603 S-103 602,696,000       
H-705 S-303 10,704,000         
H-805 S-504 39,156,000         
R-COL-202 1,088,360,200    
R-COL-403 88,924,100         
Sulfolane Process -                      
Parex Process 491,000,000       
TOTAL 2,320,840,300     
 
Cooling Water Requirements
Exchanger Stream Q (BTU/hr) Flow Rate (lb/hr) Flow Rate (gal/min)
H-101 S-108 875,066,000          16,452,000              33,000                        
H-401 S-423 3,076,000              58,000                     100                             
H-402 S-426 8,520,000 160,000                   300                             
H-403 S-428 4,101,700 77,000                     200                             
H-604 S-106 460,615,000          8,660,000                17,400                        
H-708 S-207 839,195,600          15,777,000              31,700                        
H-709 S-306 10,251,000            193,000                   400                             
H-806 S-310 248,660,000          4,675,000                9,400                          
C-COL-202 138,384,600          2,602,000                5,200                          
C-COL-302 45,798,000 861,000                   1,700                          
C-COL-402 56,121,000 1,055,000                2,100                          
C-COL-403 33,830,300 636,000                   1,300                          
C-COL-404 53,778,800 1,011,000                2,000                          
Subtotal 2,777,398,000       52,217,000              
Sulfolane Process 6,000                          
Parex Process 1,100                           
 



























TOTAL 385,979  
Steam Requirements: 
Sulfolane Process requires 303,432 lb/hr of high pressure steam, Parex Process requires 40,710 
lb/hr of medium pressure steam [24]. 
Heat Integration Alternatives: 
 Figure C depicts several interesting features of the heat flow within the natural gas to 
BTX process. One notices a large slope dominating both the hot and cold streams. This can be 
attributed to the preheating and effluent cooling of the dehydrocyclization reactor. This heat 
exchange process dominates due to the large flow rates in the dehydrocyclization unit necessary 
to produce 1 billion pounds per year of xylene at 7.5% conversion. 
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 The thermal cycling of the dehydrocyclization loop leads to inefficiencies and high 
thermal costs. In order to improve thermal efficiency, a higher temperature separation should be 
developed, perhaps by using additional solvent, higher pressure, or with a solid sorbent. 
 Another prominent feature of Figure C is the two flat lines at 354°F and at 1292°F. These 
represent the heat duties of the solvent reboiler and of the reactor, respectively. Reactor heat duty 
could be improved through alternative operating conditions, such as by decreasing selectivity 
against coke, allowing more methane to burn. 
 Reboiler heat duty could be reduced in multiple ways. First, a more volatile solvent could 
be used, albeit at the cost of losing solvent to the vapor phase. Vaporized solvent would be lost in 
the purge stream and would necessitate additional solvent purchase costs. Alternatively, less 
solvent could be used. This would reduce benzene recovery and increase the volume in the 
dehydrocyclization loop. A final alternative is to operate the solvent recovery column in a 
vacuum to artificially increase solvent volatility. This would require additional separation to 

















Figure C: Q vs. T Diagram for Heat Integration 
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 The other critical feature of the natural gas to BTX heat flow is the relatively shallow 
slope of the hot stream T vs. Q plot at low temperatures. This is because almost all heating 
demands in the process are for reactor feeds. However, cold utilities are useful throughout the 
process to liquefy streams for pumping and sale or for cooling reactor effluent streams for 
separation. Consequently, more heat needs to be removed at low temperatures than is needed to 
heat the reactor feed streams. This phenomenon, in addition to solvent reboiling, leads to the 
pinch point in the heat exchanger network. If the low temperature heat were utilized, the cooling 
costs would decrease. 
 Another consideration is to employ an evaporative cooling tower rather than the series of 
cooling water heat exchangers proposed in the current process. This takes advantage of the high 
latent heat of water, albeit at the cost of more expensive boiling water and additional care to 
prevent fouling. 
  









Tin Block Heat Sink Tout Q
288 H-101 CW 90 875,066,000       
Overall
288 90 875,066,000       
Utilities: CW 875,066,000        
  










R-305 6,182,000            
S-310 64,160,400          
Fuel 1,088,360,200     
T Overall
354 1,158,702,600
Utilities: Fuel 1,088,360,200      
Stream C-COL-202 Hot
Heat Sink Q
CW 138,384,600        
T Overall
90 138,384,600        
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S-207 54,110,000          
T Overall
217 54,110,000          





128 45,798,000          
Utilities: CW 45,798,000           
Stream R-301 Hot
Heat Sink Q
R-COL-202 6,182,000            
R-COL-404 55,850,000
T Overall
752 55,850,000          
Utilities: CW -                       
  









C-COL-402 78,330,000          
T Overall
256 78,330,000          






Utilities: CW 56,121,000           
Stream R-COL-403 Cold
Heat Source Q
S-106 17,312,400          
S-306 8,331,000
S-310 5,097,000            
S-423 435,500               
Fuel 88,924,100          
T Overall
337 120,100,000






267 112,160,300        





406 55,850,000          





353 53,778,800          
Utilities: CW 53,778,800            








Tin Block Heat Sink Tout Q
353 R-COL-403 347 435,500               
347 H-401 CW 302 3,076,000            
Overall
353 302 3,511,500            
Utilities: CW 3,076,000             
Stream S-426 Hot
Tin Block Heat Sink Tout Q
303 H-402 CW 90 8,520,000
Overall
303 90 8,520,000            
Utilities: CW 8,520,000             
Stream S-428 Hot
Tin Block Heat Sink Tout Q
H-403 CW 4,101,700
Overall
303 90 4,101,700            
Utilities: CW 4,101,700             
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Heat Exchanger Network (HEN) Flowsheet 






Tin Block Heat Source Tout Q
188 H-601 S-106 337 657,300,000        
337 H-602 S-106 1280 5,000,000,000
1280 H-603 Fuel 1380 602,696,000        
Overall
188 1380 6,259,996,000     
Utilities: Fuel 602,696,000         
Stream S-106 Hot
Tin Block Heat Sink Tout Q
1292 H-602 S-103 361 5,000,000,000     
361 R-COL-403R-COL-403 357 17,312,400          
357 H-601 S-103 211 657,300,000        
211 H-603 CW 104 460,615,000        
Overall
1292 104 6,135,227,400     
Utilities: CW 460,615,000          










Tin Block Heat Source Tout Q
105 H-701 S-408 199 63,659,000         
199 H-702 S-207 260 55,226,000         
260 H-703 S-306 337 11,950,000         
337 H-704 S-306 702 68,692,000         
702 H-705 Fuel 752 10,704,000         
Overall
105 752 210,231,000       
Utilities: Fuel 10,704,000          
 
Stream S-403 Cold
Tin Block Heat Source Tout Q
101 H-706 S-106 302 60,469,000        
Overall
101 302 60,469,000        
Utilities: Fuel -                      
 
Stream S-207 Hot
Tin Block Heat Sink Tout Q
327 H-706 S-403 327 60,469,000          
327 H-702 S-303 327 55,226,000          
327 R-COL-302R-COL-302 327 54,110,000          
327 H-708 CW 90 839,195,600        
Overall
327 90 1,009,000,600     
Utilities: CW 839,195,600         
 
Stream S-306 Hot
Tin Block Heat Sink Tout Q
840 H-704 S-303 405 68,692,000         
405 R-COL-403R-COL-403 357 8,331,000
357 H-703 S-303 283 11,950,000         
283 H-709 CW 215 10,251,000         
Overall
840 215 99,224,000
Utilities: CW 10,251,000          
 
  









Tin Block Heat Source Tout Q
232 H-801 S-408 318 64,290,000         
318 H-802 S-310 337 2,293,000           
337 H-803 S-310 638 41,900,000         
638 H-804 R-501 898 43,007,000         
898 H-805 Fuel 1112 39,156,000         
Overall
232 1112 190,646,000       
Utilities: Fuel 39,156,000          
Stream S-408 Hot
Tin Block Heat Sink Tout Q
339 H-801 S-504 303 64,290,000         
303 H-701 S-303 153 63,659,000         
Overall
339 153 127,949,000       
Utilities: CW -                       
Stream S-310 Hot
Tin Block Heat Sink Tout Q
689 H-803 S-504 572 41,900,000         
572 R-COL-202R-COL-202 374 64,160,400         
374 R-COL-403R-COL-403 357 5,097,000           
357 H-802 S-504 349 2,293,000           
349 H-806 CW 90 248,660,000       
Overall
689 90 362,110,400       
Utilities: CW 248,660,000        
Stream S-507 Hot
Tin Block Heat Sink Tout Q
1331 H-804 S-504 1112 43,007,000         
Overall
1331 1112 43,007,000         
Utilities: CW -                       
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IV)  EQUIPMENT LIST, UNIT DESCRIPTIONS, AND 
SPECIFICATION SHEETS 
Equipment List and Unit Descriptions 
Distillation Columns 
COL-201 is a carbon steel absorber column. The chief function of the COL-201 is to 
separate benzene and naphthalene from the light gases such as hydrogen, methane, nitrogen and 
ethylene using Isopar G as an absorber solvent. The Column has 6 stages, a diameter of 23 ft and 
a height of 26 ft. This is a bank of 7 different columns running in parallel given the large mass 
flow rate of the two feeds. The column requires 14 trays operating at a tray efficiency assumed to 
be 70% and a tray spacing of 18 inches. The feed stages are stages 1 and 6. The column operates 
at a pressure of 68.6 psia. The two feed streams S-201 and S-216 have a flow rate of 4.9 and 4.1 
MM lb/hr respectively and are at a temperature of 90⁰ F and a pressure of 69 psia. The distillate 
is stream S-217 that leaves at a temperature of 96⁰ F and a pressure of 68.6 psia with a flow rate 
of 4.7 MM lb/hr. The bottoms steam S-202 leaves at a temperature of 92⁰ F and a pressure of 
69.3 psia and a flow rate of 4.3 MM lb/hr. The total purchase cost of the column bank (7 
columns) is $26,500,000. 
COL-202 is a carbon steel distillation column. The chief function of the COL-202 is to 
separate benzene and naphthalene into two of the four different streams leaving the column. The 
naphthalene stream is one of the product streams leaving the process used for heating value, 
while the benzene stream is further used to alkylate in the formation of xylenes. The Column has 
20 stages, a diameter of 12 ft and a height of 59 ft. The column requires 29 trays operating at a 
tray efficiency assumed to be 70% and a tray spacing of 18 inches. The feed stage is 5. The 
column operates at a pressure of 14.69 psia and a molar reflux ratio of 1.3. The feed stream S-
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203 has a flow rate 4.3 MM lb/hr and at a temperature of 91⁰ F and a pressure of 15.3 psia. The 
distillate leaves as stream S-207 and S-210 at a temperature of 90⁰ F and a pressure of 14.7 psia 
with a flow rate of 78,000 and 151,000 lb/hr. The bottoms steams S-204 and S-207 leave at a 
temperature of 354⁰ F and 327⁰ F and at a pressure of 17.4 and 16 psia with a flow rate of 33,000 
and 4.07 MM lb/hr respectively. The total purchase cost of the column is $5,279,000. 
COL-302 is a carbon steel distillation column. The chief function of the COL-302 is to 
separate water from the methanol mixture present in stream S-317. The Column has 13 stages, a 
diameter of 11 ft and a height of 42 ft. The column requires 19 trays operating at a tray efficiency 
assumed to be 70% and a tray spacing of 18 inches. The feed stage is 9. The column operates at a 
pressure of 14.7 psia and a molar reflux ratio of 1.87. The feed stream S-317 has a flow rate 
87,000 lb/hr and at a temperature of 100⁰ F and a pressure of 16.7 psia. The distillate leaves as 
stream S-318 with majority of the methanol at a temperature of 128⁰ F and a pressure of 14.7 
psia with a flow rate of 26,000 lb/hr. The bottoms stream leaves as S-321 at a temperature of 
217⁰ F and a pressure of 16.4 psia and a flow rate of 61,000 lb/hr. The total purchase cost of the 
column is $1,499,000. 
COL-402 is a carbon steel distillation column. The chief function of the COL-402 is to 
separate benzene from the mixture of xylenes, toluene, and other solvents present in stream S-
409. The Column has 22 stages, a diameter of 13 ft and a height of 32 ft. The column requires 32 
trays operating at a tray efficiency assumed to be 70% and a tray spacing of 18 inches. The feed 
stage is 13. The column operates at a pressure of 14.69 psia and a molar reflux ratio of 1.3. The 
feed stream S-409 has a flow rate 551,000 lb/hr and at a temperature of 153⁰ F and a pressure of 
16.7 psia. The distillate leaves as stream S-410 at a temperature of 182⁰ F and a pressure of 14.7 
psia with a flow rate of 143,000 lb/hr. The bottoms steam leaves as S-413 at a temperature of 
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256⁰ F and a pressure of 17.6 psia with a flow rate of 408,000 lb/hr. The total purchase cost of 
the column is $2,387,000. 
COL-403 is a carbon steel distillation column. The chief function of the COL-403 is to 
separate toluene from the mixture of xylenes and solvents present in stream S-415. The Column 
has 26 stages, a diameter of 26 ft and a height of 74 ft. The column requires 38 trays operating at 
a tray efficiency assumed to be 70% and a tray spacing of 18 inches. The feed stage is 13. The 
column operates at a pressure of 25.7 psia and a molar reflux ratio of 1.9. The feed stream S-415 
has a flow rate 408,000 lb/hr and at a temperature of 256⁰ F and a pressure of 30 psia. The 
distillate is stream S-416 that leaves at a temperature of 267⁰ F and a pressure of 25.7 psia with a 
flow rate of 257,000 lb/hr. The bottoms stream S-418 leaves at a temperature of 337⁰ F and a 
pressure of 29.2 psia with a flow rate of 151,000 lb/hr. The total purchase cost of the column is 
$10,223,000. 
COL-404 is a carbon steel distillation column. The chief function of the COL-404 is to 
separate xylenes from the heavies present in stream S-420. The Column has 45 stages, a diameter 
of 10 ft and a height of 118 ft. The column requires 65 trays operating at a tray efficiency 
assumed to be 70% and a tray spacing of 18 inches. The feed stage is 26. The column operates at 
a pressure of 38 psia and a molar reflux ratio of 2.15. The feed stream S-420 has a flow rate 
151,000 lb/hr and at a temperature of 337⁰ F and a pressure of 53.5 psia. The distillate leaves as 
stream S-423 at a temperature of 353⁰ F and a pressure of 38 psia with a flow rate of 126,000 
lb/hr. The bottoms steams S-421 leaves at a temperature of 406⁰ F and a pressure of 44 psia and 
a flow rate of 25,000 lb/hr. The total purchase cost of the column is $2,644,000. 
  





COL-401 is a carbon steel decanter. The chief function of the COL-401 is to remove 
water and methanol from stream S-405 before the xylene separation process takes place. The 
decanter is a horizontal drum 9 ft in diameter and 28 feet in length. The column operates at a 
pressure of 20 psia and a temperature of 99⁰ F. The feed stream S-405 has a flow rate 689,000 
lb/hr and at a temperature of 297⁰ F and a pressure of 73.5 psia. The organic phase leaves as 
stream S-407 at a temperature of 185⁰ F and a pressure of 2.9 psia with a flow rate of 600,000 
lb/hr. The aqueous phase leaves as steam S-406 at a temperature of 298⁰ F and a pressure of 73.5 
psia and a flow rate of 87,000. The total purchase cost of the decanter is $194,000. 
 
Reactors 
R-101 is plug flow reactor in which the dehydrocyclization reaction takes place. The 
reactor has a diameter of 5 ft and length of 30 ft. The temperature is 700⁰ C and the operating 
pressure is 44.1 psia. The expected pressure drop is 5 psia and the adiabatic drop in temperature 
is approximately 30⁰ C. The reaction is endothermic and converts methane to benzene, hydrogen, 
ethylene and naphthalene. The catalyst used is 10% Re2(CO)10/HZSM-5 (3377 lb) and the 
weight hourly space velocity of the inlet stream is 1440 hr
-1
. The inlet stream is S-105 at 1292⁰ F 
and a pressure of 43.6 psia with a mass flow rate of 4.8 MM lb/hr and the outlet effluent stream 
is S-106 at 1292⁰ F and 43.5 psia with a flow rate of 4.8 Mm lb/hr.  
R-301 is group of 3 plug flow reactors with interstage cooling in which the benzene 
alkylation reaction takes place. The reactor has a diameter of 8 ft and length of 12 ft. The 
temperature is 400⁰ C and the operating pressure is 14.7 psia. The expected pressure drop is 5 
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psia and the adiabatic rise in temperature is approximately 127⁰ C and therefore this reaction is 
divied into 3 reactors to keep the adiabatic temperature rise within the tolerance range.  The 
reaction is exothermic and converts benzene to xylenes. The catalyst used H-beta (246,000 lb) 
and the weight hourly space velocity of the inlet stream is 1.3 hr
-1
. The inlet stream is S-305 at 
752⁰ F and a pressure of 14.7 psia with a mass flow rate of 390,000 lb/hr and the outlet effluent 
stream is S-306 at 752⁰ F and 14.7 psia with a flow rate of 390,000 Mm lb/hr.  
R-501 is a plug flow in which the toluene alkylation reaction takes. The reactor has a 
diameter of 6 ft and length of 18 ft. The temperature is 600⁰ C and the operating pressure is 44.1 
psia. The expected pressure drop is 5 psia and the adiabatic rise in temperature is approximately 
115⁰ C and is within the tolerance range of the reaction and therefore only one reactor is used. 
The reaction is exothermic and converts benzene to xylenes. The catalyst used ZSM5 (72,000 lb) 
and the weight hourly space velocity of the inlet stream is 4 hr
-1
. The inlet stream is S-506 at 
1112⁰ F and a pressure of 41.2 psia with a mass flow rate of 299,000 lb/hr and the outlet effluent 
stream is S-507 at 1112⁰ F and 41.2 psia with a flow rate of 299,000 Mm lb/hr. 
Compressors 
C-101 is a cast iron/carbon steel centrifugal compressor. The chief function of C-101 is to 
compress gases from the feed and recycle streams to propel the gases across the pressure drop of 
the preheating heat exchangers (H-601, H-602, and H-603), piping, and heat exchange control 
(V-101). The compressor is treated as isentropic with an efficiency of 0.72 suggested by Aspen. 
The compressor pressurizes feed stream S-102 with 4.86 million lb/hr of natural gases at 94°F 
from 43.5 psia to 71.6 psia. Temperature rise for the effluent stream S-103 is to 197°F. The 
electric power consumption of the compressor is estimated to be 125,930 kW. The requisite 
horsepower for the compression is 170,184 hp. Maximal power yield of a typical compressor is 
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estimated at 30,000 hp so 6 compressors are run in parallel to distribute power requirements and 
to minimize flow rate through each component. The cost of the compressor bed is estimated from 
the Seider correlations worked in CBE 400 which is based entirely on horsepower. Unit 
specifications are given for the bed as a whole. The estimated purchase cost of the compressor 
bed is $22,197,000 
C-102 is a cast iron/carbon steel centrifugal compressor. The chief function of C-102 is to 
compress gases from the reactor effluent to increase efficiency of the absorber column COL-201 
and to propel gases through the recycle stream. The compressor is treated as isentropic with an 
efficiency of 0.72 suggested by Aspen. The compressor pressurizes feed stream S-107 with 4.86 
million lb/hr of natural gases and benzene at 99°F from 40.5 psia to 97.4 psia. Temperature rise 
for the effluent stream S-108 is to 287°F. The electric power consumption of the compressor is 
estimated to be 238,385 kW. The requisite horsepower for the compression is 322,142 hp. 
Maximal power yield of a typical compressor is estimated at 30,000 hp so 11 compressors are 
run in parallel to distribute power requirements and to minimize flow rate through each 
component. The cost of the compressor bed is estimated from the Seider correlations worked in 
CBE 400 which is based entirely on horsepower. Unit specifications are given for the bed as a 
whole. The estimated purchase cost of the compressor bed is $33,890,000. 
C-201 is a cast iron/carbon steel centrifugal compressor. The chief function of C-201 is to 
compress gases from the partial condenser of COL-202 up to recycle stream pressure. The 
compressor is treated as isentropic with an efficiency of 0.72 suggested by Aspen. The 
compressor pressurizes feed stream S-213 with 78.8 thousand lb/hr of regenerated solvent at 
90°F from 14.7 psia to 69.4 psia. Temperature rise for the effluent stream S-214 is to 314.4°F. 
The electric power consumption of the compressor is estimated to be 2076 kW. The requisite 
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horsepower for the compression is 2784 hp. The compressor model found in the Seider 
correlations worked in CBE 400 is used to cost the compressor. The estimated purchase cost of 
the compressor is $4,299,000. 
C-301 is a cast iron/carbon steel centrifugal compressor. The chief function of C-301 is to 
compress gases of R-301 effluent through piping and reactor control (V-302). The compressor is 
treated as isentropic with an efficiency of 0.72 suggested by Aspen. The compressor pressurizes 
feed stream S-307 with 390 thousand lb/hr of effluent gases at 208°F from 11.7 psia to 39.7 psia. 
Temperature rise for the effluent stream S-308 is to 312.9°F. The electric power consumption of 
the compressor is estimated to be 4507 kW. The requisite horsepower for the compression is 
6044 hp. The compressor model found in the Seider correlations worked in CBE 400 is used to 
cost the compressor. The estimated purchase cost of the compressor is $7,993,000. 
C-401 is a cast iron/carbon steel centrifugal compressor. The chief function of C-401 is to 
compress gases from the Sulfolane process COL-401 into the BTX distillation train. The 
compressor is treated as isentropic with an efficiency of 0.72 suggested by Aspen. The 
compressor pressurizes feed stream S-407 with 551 thousand lb/hr of aromatics at 185°F from 
2.94 psia to 44.7 psia. Temperature rise for the effluent stream S-408 is to 342.7°F. The electric 
power consumption of the compressor is estimated to be 8943 kW. The requisite horsepower for 
the compression is 11,993 hp. The compressor model found in the Seider correlations worked in 




P-202 is a bed of cast iron centrifugal pumps. The chief function of P-202 is to pressurize 
the condensed side stream of regenerated solvent from COL-202 up to column pressure for 
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absorber COL-201. Feed stream S-208 is pressurized from 13.1 psia to 68.6 psia. Pump capacity 
is set at 29,000 ft
3
/hr for 3 parallel pumps for 1,356,000 lb/hr of feed. The electricity required to 
operate P-202 is estimated to be 100 kW. Pump efficiency is 85.9%. The total purchase cost of 
P-202 is $79,800 at $26,600 per pump. 
P-203 is a cast iron centrifugal pump. The chief function of P-203 is to pressurize the 
liquid distillate stream from COL-202 to pass through piping and benzene metering (V-203). 
Feed stream S-210 is pressurized from 14.7 psia to 39.7 psia. Pump capacity is set at 2930 ft
3
/hr 
for 151,000 lb/hr of feed. The electricity required to operate P-203 is estimated to be 5.82 kW. 
Pump efficiency is 68.3%. The total purchase cost of P-203 is $22,000. 
P-301 is a cast iron centrifugal pump. The chief function of P-301 is to pressurize the 
feed stream for R-301 to pass through the heat exchangers required to reach reaction temperature 
(H-701, H-702, H-703, H-704, H-705). Feed stream S-302 is pressurized from 14.7 psia to 42.7 
psia. Pump capacity is set at 7300 ft
3
/hr for 390,000 lb/hr of feed. The electricity required to 
operate P-301 is estimated to be 14.6 kW. Pump efficiency is 76.3%. The total purchase cost of 
P-301 is $33,400. 
P-302 is a cast iron centrifugal pump. The chief function of P-302 is to pressurize the 
condensed reactor effluents to pass through the decanter, piping, and control. Feed stream S-311 
is pressurized from 9.7 psia to 44.7 psia. Pump capacity is set at 12,500 ft
3
/hr for 689,217 lb/hr 
of feed. The electricity required to operate P-302 is estimated to be 29.5 kW. Pump efficiency is 
80.1%. The total purchase cost of P-302 is $42,000. 
P-303 is a cast iron centrifugal pump. The chief function of P-303 is to pressurize the 
aqueous phase withdrawn from the decanter to pass through piping and control. Feed stream S-
315 is pressurized from 19.7 psia to 41.7 psia. Pump capacity is set at 1500 ft
3
/hr for 86,500 lb/hr 
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of feed. The electricity required to operate P-303 is estimated to be 2.9 kW. Pump efficiency is 
61.2%. The total purchase cost of P-303 is $19,000. 
P-304 is a cast iron centrifugal pump. The chief function of P-304 is to pressurize the 
liquid distillate stream from COL-302 to pass through piping and methanol recycle metering (V-
306). Feed stream S-318 is pressurized from 14.7 psia to 39.7 psia. Pump capacity is set at 520 
ft
3
/hr for 25,500 lb/hr of feed. The electricity required to operate P-304 is estimated to be 1.5 
kW. Pump efficiency is 47.5%. The total purchase cost of P-304 is $17,000. 
P-305 is a cast iron centrifugal pump. The chief function of P-305 is to pressurize the 
liquid bottoms stream from COL-302 to pass through piping and control for wastewater disposal. 
Feed stream S-321 is pressurized from 16.4 psia to 39.7 psia. Pump capacity is set at 1100 ft
3
/hr 
for 61,000 lb/hr of feed. The electricity required to operate P-305 is estimated to be 2.4 kW. 
Pump efficiency is 57.1%. The total purchase cost of P-305 is $18,000. 
P-401 is a cast iron centrifugal pump. The chief function of P-401 is to pressurize the 
organic phase drawn from COL-301 to pass through piping, control, and heat exchange to reach 
feed pressure for the Sulfolane process (COL-401). Feed stream S-314 is pressurized from 20.0 
psia to 128.0 psia. Pump capacity is set at 11,500 ft
3
/hr for 603,000 lb/hr of feed. The electricity 
required to operate P-401 is estimated to be 85.0 kW. Pump efficiency is 79.6%. The total 
purchase cost of P-401 is $54,600. 
P-402 is a cast iron centrifugal pump. The chief function of P-402 is to pressurize the 
liquid distillate stream from COL-402 to pass through piping and benzene recycle metering (V-
404). Feed stream S-410 is pressurized from 14.7 psia to 39.7 psia. Pump capacity is set at 2800 
ft
3
/hr for 143,000 lb/hr of feed. The electricity required to operate P-402 is estimated to be 5.7 
kW. Pump efficiency is 68.0%. The total purchase cost of P-402 is $22,000. 
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P-403 is a cast iron centrifugal pump. The chief function of P-403 is to pressurize the 
liquid bottoms stream from COL-402 to pass through piping and control to reach feed stage 
pressure for COL-403. Feed stream S-413 is pressurized from 17.7 psia to 55.0 psia. Pump 
capacity is set at 8500 ft
3
/hr for 408,000 lb/hr of feed. The electricity required to operate P-403 is 
estimated to be 22.3 kW. Pump efficiency is 77.5%. The total purchase cost of P-403 is $38,000. 
P-404 is a cast iron centrifugal pump. The chief function of P-404 is to pressurize the 
liquid distillate stream from COL-403 to pass through piping and heat exchange to reach reaction 
conditions in R-501. Feed stream S-416 is pressurized from 25.7 psia to 69.2 psia. Pump 
capacity is set at 5400 ft
3
/hr for 257,000 lb/hr of feed. The electricity required to operate P-404 is 
estimated to be 17.3 kW. Pump efficiency is 77.5%. The total purchase cost of P-404 is $98,000. 
P-405 is a cast iron centrifugal pump. The chief function of P-405 is to pressurize the 
liquid bottoms stream from COL-403 to pass through piping and control to reach feed stage 
pressure for COL-404. Feed stream S-418 is pressurized from 29.2 psia to 78.5 psia. Pump 
capacity is set at 3300 ft
3
/hr for 151,000 lb/hr of feed. The electricity required to operate P-405 is 
estimated to be 12.8 kW. Pump efficiency is 69.6%. The total purchase cost of P-405 is $38,000. 
P-406 is a cast iron centrifugal pump. The chief function of P-406 is to pressurize the 
liquid distillate stream from COL-404 to pass through piping and control to enter the Parex 
process (COL-405) at specification. Feed stream S-424 is pressurized from 33.0 psia to 139.7 
psia. Pump capacity is set at 2700 ft
3
/hr for 126,000 lb/hr of feed. The electricity required to 
operate P-406 is estimated to be 23.2 kW. Pump efficiency is 67.6%. The total purchase cost of 
P-406 is $27,000. 
P-501 is a cast iron centrifugal pump. The chief function of P-501 is to pressurize the 
feed methane for the toluene alkylation reactor up to reaction conditions. Feed stream S-502 is 
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pressurized from 14.7 psia to 69.2 psia. Pump capacity is set at 850 ft
3
/hr for 42,200 lb/hr of 
feed. The electricity required to operate P-501 is estimated to be 4.6 kW. Pump efficiency is 
54.3%. The total purchase cost of P-501 is $64,000. 
 
Heat Exchangers 
 H-604 is a shell-and-tube heat exchanger fabricated from carbon steel with length of 20 
ft. It cools the effluent from the dehydrocylization reactor to dew point. The effluent is cooled 
from 211°F to 104°F. As the hot stream is mainly methane vapor and the cold stream is cooling 
water, overall heat transfer coefficient U of 120 BTU/ft
2
-h-°F was chosen. The heat duty of the 
heat exchanger is 461 MMBTU/hr, and the estimated purchase cost is $2,446,000. The process 
uses 11,497,000 lb/hr of cooling water.  
 H-101 is a shell-and-tube heat exchanger fabricated from carbon steel with length of 20 
ft. It cools the effluent from the dehydrocylization reactor to the absorber specification. The 
effluent is cooled from 288°F to 90°F. As the hot stream is mainly methane vapor and the cold 
stream is cooling water, overall heat transfer coefficient U of 120 BTU/ft
2
-h-°F was chosen. The 
heat duty of the heat exchanger is 875 MMBTU/hr, and the estimated purchase cost is 
$4,931,000. The process uses 21,843,000 lb/hr of cooling water.  
 H-708 is a shell-and-tube heat exchanger fabricated from carbon steel with length of 20 
ft. It cools the regenerated solvent from the absorber to absorber specification. The stream is 
cooled from 327°F to 77°F. As the hot stream is solvent vapor and the cold stream is cooling 
water, overall heat transfer coefficient U of 70 BTU/ft
2
-h-°F was chosen. The heat duty of the 
heat exchanger is 625 MMBTU/hr, and the estimated purchase cost is $5,181,000. The process 
uses 15,602,000 lb/hr of cooling water.  
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 H-709 is a shell-and-tube heat exchanger fabricated from carbon steel with length of 20 
ft. It cools the benzene alkylation reactor effluent to dew point. The stream is cooled from 283°F 
to 215°F. As the hot stream is mainly aromatics liquid and the cold stream is cooling water, 
overall heat transfer coefficient U of 120 BTU/ft
2
-h-°F was chosen. The heat duty of the heat 
exchanger is 10.3 MMBTU/hr, and the estimated purchase cost is $49,000. The process uses 
256,000 lb/hr of cooling water.  
 H-806 is a shell-and-tube heat exchanger fabricated from carbon steel with length of 20 
ft. It cools the separation train feed to decanter specification. The stream is cooled from 349°F to 
90°F. As the hot stream is mainly aromatics liquid and the cold stream is cooling water, overall 
heat transfer coefficient U of 120 BTU/ft
2
-h-°F was chosen. The heat duty of the heat exchanger 
is 249 MMBTU/hr, and the estimated purchase cost is $1,250,000. The process uses 6,207,000 
lb/hr of cooling water.  
 H-401 is a shell-and-tube heat exchanger fabricated from carbon steel with length of 20 
ft. It cools the xylene distillate to Parex specifications. The stream is cooled from 347°F to 
302°F. As the hot stream is mainly aromatics liquid and the cold stream is cooling water, overall 
heat transfer coefficient U of 120 BTU/ft
2
-h-°F was chosen. The heat duty of the heat exchanger 
is 3.1 MMBTU/hr, and the estimated purchase cost is $37,000. The process uses 77,000 lb/hr of 
cooling water.  
 H-402 is a shell-and-tube heat exchanger fabricated from carbon steel with length of 20 
ft. It condenses the p-xylene product. The stream is cooled from 303°F to 90°F. As the hot 
stream is aromatics vapor condensing with cooling water, overall heat transfer coefficient U of 
70 BTU/ft
2
-h-°F was chosen. The heat duty of the heat exchanger is 8.5 MMBTU/hr, and the 
estimated purchase cost is $84,000. The process uses 213,000 lb/hr of cooling water.  
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 H-403 is a shell-and-tube heat exchanger fabricated from carbon steel with length of 20 
ft. It condenses the mixed xylene product. The stream is cooled from 303°F to 90°F. As the hot 
stream is aromatics vapor condensing with cooling water, overall heat transfer coefficient U of 
70 BTU/ft
2
-h-°F was chosen. The heat duty of the heat exchanger is 4.1 MMBTU/hr, and the 
estimated purchase cost is $58,000. The process uses 102,000 lb/hr of cooling water.  
 H-602 is 18 parallel units of shell-and-tube heat exchanger fabricated from carbon steel 
with length of 20 ft. It heats the dehydrocylization reactor feed with the reactor effluent. The hot 
stream is cooled from 1292°F to 361°F and the cold stream is heated from 361°F to 1280°F. As 
the hot stream is mainly methane vapor cooled with mainly methane vapor, overall heat transfer 
coefficient U of 100 BTU/ft
2
-h-°F was chosen. The overall heat duty of the heat exchanger is 
278 MMBTU/hr, and the estimated purchase cost of is $20,520,000, with cost of $1,140,000 per 
unit.   
 H-601 is a shell-and-tube heat exchanger fabricated from carbon steel with length of 20 
ft. It heats the dehydrocylization reactor feed to the pinch with the reactor effluent. The hot 
stream is cooled from 357°F to 211°F and the cold stream is heated from 188°F to 337°F. As the 
hot stream is mainly methane vapor cooled with mainly methane vapor, overall heat transfer 
coefficient U of 100 BTU/ft
2
-h-°F was chosen. The heat duty of the heat exchanger is 657 
MMBTU/hr, and the estimated purchase cost of is $18,950,000. 
 H-706 is a shell-and-tube heat exchanger fabricated from carbon steel with length of 20 
ft. It heats the Sulfolane process feed while condensing regenerated Isopar solvent. The hot 
stream is condensed at 327°F and the cold stream is heated from 101°F to 302°F. As the mainly 
aromatic stream is condensed with Sulfolane, overall heat transfer coefficient U of 120 BTU/ft
2
-
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h-°F was chosen. The heat duty of the heat exchanger is 60.4 MMBTU/hr, and the estimated 
purchase cost of is $171,000. 
 H-704 is a shell-and-tube heat exchanger fabricated from carbon steel with length of 20 
ft. It heats the benzene alkylation reactor feed with reactor effluent. The hot stream is cool from 
752°F to 337°F and the cold stream is heated from 405°F to 702°F. As the mainly aromatic 
vapor stream is heated another aromatic vapor stream, overall heat transfer coefficient U of 100 
BTU/ft
2
-h-°F was chosen. The heat duty of the heat exchanger is 68.7 MMBTU/hr, and the 
estimated purchase cost of is $325,000. 
 H-703 is a shell-and-tube heat exchanger fabricated from carbon steel with length of 20 
ft. It heats the benzene alkylation reactor feed to pinch with reactor effluent. The hot stream is 
cool from 357°F to 283°F and the cold stream is heated from 260°F to 337°F. As the mainly 
aromatic vapor stream is heated another aromatic vapor stream, overall heat transfer coefficient 
U of 100 BTU/ft
2
-h-°F was chosen. The heat duty of the heat exchanger is 68.7 MMBTU/hr, and 
the estimated purchase cost of is $172,000. 
 H-803 is a shell-and-tube heat exchanger fabricated from carbon steel with length of 20 
ft. It heats the toluene alkylation reactor feed with combined alkylation reactors effluent streams. 
The hot stream is cool from 689°F to 337°F and the cold stream is heated from 572°F to 638°F. 
As the mainly aromatic vapor stream is heated another aromatic vapor stream, overall heat 
transfer coefficient U of 100 BTU/ft
2
-h-°F was chosen. The heat duty of the heat exchanger is 
41.9 MMBTU/hr, and the estimated purchase cost of is $123,000. 
 H-801 is a shell-and-tube heat exchanger fabricated from carbon steel with length of 20 
ft. It vaporizes the toluene alkylation reactor feed while condensing Sulfolane products. The hot 
stream is cool from 339°F to 303°F and the cold stream is heated from 232°F to 318°F. As the 
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aromatic stream is vaporized with an aromatic stream condensing, overall heat transfer 
coefficient U of 250 BTU/ft
2
-h-°F was chosen. The heat duty of the heat exchanger is 64.3 
MMBTU/hr, and the estimated purchase cost of is $243,000. 
 H-701 is a shell-and-tube heat exchanger fabricated from carbon steel with length of 20 
ft. It cools the Sulfolane product to distillation tower specification while heating alkylation 
reactor feed. The hot stream is cool from 303°F to 153°F and the cold stream is heated from 
105°F to 199°F. As the aromatic stream is partially vaporized with an aromatic stream partially 
condensing, overall heat transfer coefficient U of 185 BTU/ft
2
-h-°F was chosen. The heat duty of 
the heat exchanger is 63.7 MMBTU/hr, and the estimated purchase cost of is $184,000. 
 H-804-1 is a shell-and-tube heat exchanger fabricated from carbon steel with length of 20 
ft. It heats the toluene alkylation reactor feed while providing interstage cooling for benzene 
alkylation reactor. The hot stream is cool from 1331°F to 1222°F and the cold stream is heated 
from 638°F to 768°F. As the mainly aromatic vapor stream is heated another aromatic vapor 
stream, overall heat transfer coefficient U of 100 BTU/ft
2
-h-°F was chosen. The heat duty of the 
heat exchanger is 21.5 MMBTU/hr, and the estimated purchase cost of is $44,000. 
 H-804-2 is a shell-and-tube heat exchanger fabricated from carbon steel with length of 20 
ft. It heats the toluene alkylation reactor feed while providing interstage cooling for benzene 
alkylation reactor along with H-804-1. The hot stream is cool from 1331°F to 1222°F and the 
cold stream is heated from 768°F to 898°F. As the mainly aromatic vapor stream is heated 
another aromatic vapor stream, overall heat transfer coefficient U of 100 BTU/ft
2
-h-°F was 
chosen. The heat duty of the heat exchanger is 21.5 MMBTU/hr, and the estimated purchase cost 
of is $44,000. 
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 H-802 is a shell-and-tube heat exchanger fabricated from carbon steel with length of 20 
ft. It heats the toluene alkylation reactor feed to pinch with combined alkylation reactor effluent. 
The hot stream is cool from 357°F to 349°F and the cold stream is heated from 318°F to 337°F. 
As the mainly aromatic vapor stream is heated another aromatic vapor stream, overall heat 
transfer coefficient U of 100 BTU/ft
2
-h-°F was chosen. The heat duty of the heat exchanger is 
2.3 MMBTU/hr, and the estimated purchase cost of is $58,500. 
 H-702 is a shell-and-tube heat exchanger fabricated from carbon steel with length of 20 
ft. It heats the benzene alkylation reactor feed while condensing regenerated solvent. The hot 
stream is cool from 327°F to 199°F and the cold stream is heated from 327°F to 260°F. As the 
naphthalene stream is condensed with aromatics vapor, overall heat transfer coefficient U of 250 
BTU/ft
2
-h-°F was chosen. The heat duty of the heat exchanger is 55.2 MMBTU/hr, and the 
estimated purchase cost of is $92,000. 
 
Fired Heaters (Furnaces) 
 H-603 is a carbon steel indirect fired heater with horizontal carbon steel tubes. It is used 
to heat the reactor feed into R-101 along with H-707. It uses 50,300 SCF/hr of mainly natural gas 
purge stream to heat the stream. The heat duty is 70.8 MMBTU/hr, and the thermal efficiency is 
80%. The estimated purchase cost is $1,805,000. 
 H-707 is a carbon steel indirect fired heater with horizontal carbon steel tubes. It is used 
to heat the reactor feed into R-101 along with H-603. It uses 50,300 SCF/hr of mainly natural gas 
purge stream to heat the stream. The heat duty is 531 MMBTU/hr, and the thermal efficiency is 
80%. The estimated purchase cost is $8,456,000. 
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 H-705 is a carbon steel indirect fired heater with horizontal carbon steel tubes. It is used 
to heat the reactor feed into R-301. It uses 7,600 SCF/hr of mainly natural gas purge stream to 
heat the stream. The heat duty is 10.7 MMBTU/hr, and the thermal efficiency is 80%. The 
estimated purchase cost is $425,000. 
 H-805 is a carbon steel indirect fired heater with horizontal carbon steel tubes. It is used 
to heat the reactor feed into R-501. It uses 28,000 SCF/hr of mainly natural gas purge stream to 
heat the stream. The heat duty is 39.2 MMBTU/hr, and the thermal efficiency is 80%. The 
estimated purchase cost is $1,147,000. 
Storage Tanks 
 
 Storage Tank T-301 is a flat bottom spherical tank made of carbon steel. The purpose of 
T-301 is to store benzene feed to the benzene alkylation reactor R-301. The tank is 44.9 feet in 
diameter and is designed to hold 355,300 gallons of material at stream conditions, 90°F and 14.7 
psia. At half filling, the vessel holds benzene with a residence time off 8 hours. The vessel is 
priced at $679,100. 
 Storage Tank T-302 is a flat bottom spherical tank made of carbon steel. The purpose of 
T-302 is to store methanol feed to the alkylation reactors. The tank is 43.3 feet in diameter and is 
designed to hold 317,800 gallons of material at stream conditions, 77°F and 14.7 psia. At half 
filling, the vessel holds methanol with a residence time off 8 hours. The vessel is priced at 
$626,700. 
 Storage Tank T-303 is a flat bottom spherical tank made of carbon steel. The purpose of 
T-303 is to store alkylation reactor effluent to feed to the benzene separation train. The tank is 
57.5 feet in diameter and is designed to hold 1,490,000 gallons of material at stream conditions, 
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90°F and 19.7 psia. At half filling, the vessel holds mixed product with a residence time off 8 













lb/hr Feed: S-313 Exit 1: S-314 Exit 2: S-315
Benzene 112,367                                112,207                       160                               
Carbon-dioxide 340                                        303                               37                                 
Ethylene 242                                        235                               7                                   
Hydrogen
Metane 397                                        378                               18                                 
Methanol 23,957                                  4,586                            19,371                         
M-xylene 30,057                                  30,051                         6                                   
N-Pentane 3,848                                     3,847                            
Naphthalene 3                                             3                                    
Nitrogen
O-xylene 14,440                                  14,438                         2                                   
P-xylene 94,485                                  94,464                         20                                 
Toluene 282,483                                282,346                       137                               
1, 3, 5 - Trimethylbenzene 21,263                                  21,262                         1                                   
2, 2, 3, 3 Tetramethylhexane 38,070                                  38,069                         
Water 67,262                                  498                               66,764                         






Residence Time: 5 min
Temperature: 99 F
Pressure: 20 psia
Purchase Cost: 194,600.00$                        
DECANTER
Identification: COL-301
Function: Remove water present in stream S-313
Operation: Continuous









lb/hr Feed 1: S-201 Feed 2: S-216 Distillate: S-217 Bottoms: 2-202
Benzene 160,771         78                     17,386                           143,464                       
Carbon-dioxide 735,447         723,857                         11,590                         
Ethylene 649,872         640,037                         9,836                            
Hydrogen 697,211         697,211                         




Naphthalene 15,555            7,572               59                                   23,067                         




1, 3, 5 - Trimethylbenzene
2, 2, 3, 3 Tetramethylhexane 150,133         4,126,256      157,354                         4,119,035                   
Water
Total 4,941,967      4,133,906      4,742,151                     4,333,722                   
Number of stages 6 Number of trays 14
Condenser Temperature 95.5 F Feed Sage 1 and 6
Reboiler Temperaure 91.8 F Molar Reflux Ratio 0.06
Height 26 ft Tray Type Sieve
Diameter 23 ft Condenser Pressure 68.6 psia
Material Carbon Steel Reboiler Pressure 69.3 psia
Tray Efficiency 70% Stage Pressure Drop 0.14 psia




Separates methane, hydrogen, nitogen, and carbon dioxide from 
 benzene present in stream S-203 for the recycle stream.
26,500,000.00$                         








lb/hr Feed: S-203 Liquid Distillate Vapor Distillate Liquid Bottoms Vapor Bottoms
Benzene 143,464                       112,465            30,920                78                                  
Carbon-dioxide 11,590                         299                     11,291                
Ethylene 9,836                           232                     9,604                   
Hydrogen
Metane 26,556                         374                     26,183                
Methanol
M-xylene
Naphthalene 23,067                         3                         15,492                7,572                            




1, 3, 5 - Trimethylbenzene
2, 2, 3, 3 Tetramethylhexane 4,119,035                   38,069               648                      18,136                4,062,119                    
Water
Total 4,333,722                   151,442            78,819                33,628                4,069,769                    
Number of stages 20 Number of trays 29
Condenser Temperature 90 F Feed Sage 5
Reboiler Tmperaure 354 F Molar Reflux Ratio 1.3
Height 59 ft Tray Type Sieve
Diameter 12 ft Condernser Pressure 14.69 psia
Material Carbon Steel Reboiler Pressure 17.36 psia
Tray Efficiency 70% Stage Pressure Drop 0.14 psi
Tray Spacing 18 inches
Purchase Cost: 1,428,000.00$           
Design Data:
DISTILLATION COLUMN
To separate benzene and naphthalene from stream S-203







Heat Transfer Area: 12000 ft2
Heat Duty 138 MM BTU/hr
Twater in: 77 F
Twater out: 120 F
Tcondense: 210 F
Utilities: Cooling Water(3.2 MM lb/hr)
Purchase Cost: 262,600.00$                                   
HEAT EXCHANGER
Identification: C-COL-202
Function: To condense the overhead of COL-202
Operation: Continuous
Overhead Flow Rate: 645,768 lb/hr
 
  









Residence Time: 5 min
Temperature: 90 F
Pressure: 14.69 psia
PURCHASE PRICE: 155,700.00$              
REFLUX ACCUMULATOR
IDENTIFICATION: RA-COL-202
FUNCTION: To accumulate the reflux of COL-202
OPERATION: Continuous









lb/hr Feed: S-405 Vapor: S-406 Mixed Bottom:S-407
  BENZENE 112,209                       112                                         112,097                       
  TOLUENE 282,347                       565                                         281,783                       
  P-XYL-01 94,465                         1,889                                     92,576                          
  M-XYL-01 30,051                         601                                         29,450                          
  O-XYL-01 14,438                         289                                         14,149                          
  N-PEN-01 3,847                           3,801                                     46                                  
  1:3:5-01 21,262                         425                                         20,837                          
  METHANOL 4,584                           4,529                                     55                                  
  NAPHT-01 3                                    0                                             3                                    
  WATER 498                               492                                         6                                    
  CARBO-01 303                               299                                         4                                    
  METHA-01 378                               374                                         5                                    
  ETHYL-01 235                               232                                         3                                    
  NITRO-01 0                                    0                                             0                                    
  HYDRO-01 0                                    0                                             0                                    
  2:2:3-01 38,069                         37,612                                   457                                
Vapor Fraction 0.025 1 0.492






Volume: 114,500                                ft
3
Purchase Cost: 1,700,000$                 
Design Data:
Flash Vaporizer
To separate aliphatics from stream S-405









lb/hr Feed: S-409 Disillate: S-410 Bottoms: S-413






M-xylene 29,442                         3,942                                     25,500                          
N-Pentane
Naphthalene 3                                    3                                    
Nitrogen
O-xylene 14,149                         37                                           14,112                          
P-xylene 92,572                         2,664                                     89,908                          
Toluene 243,497                       243,022                                475                                
1, 3, 5 - Trimethylbenzene 20,837                         20,837                          
2, 2, 3, 3 Tetramethylhexane 457                               5                                             452                                
Water
Total 408,277                       256,990                                151,286                       
Number of stages 26 Number of trays 38
Condenser Temperature 267 F Feed Sage 13
Reboiler Temperaure 337 F Molar Reflux Ratio 1.9
Height 74 ft Tray Type Sieve
Diameter 26 ft Condenser Pressure 25.7 psia
Material Carbon Steel Reboiler Pressure 29.2 psia
Tray Efficiency 70% Stage Pressure Drop 0.14 psia
Tray Spacing 18 inches
Purchase Cost: 9,356,000.00$           
Design Data:
DISTILLATION COLUMN
Separate xylene products from mixed stream S-409








Heat Transfer Area: 6876 ft2
Heat Duty 56 MM BTU/hr
Twater in: 77 F
Twater out: 120 F
Tcondense: 182 F
Utilities:Coolling Water(1.3 MM lb/hr)
Purchase Cost: 161,400.00$                 
HEAT EXCHANGER
Identification: C-COL-402
Function: To condense the overhead of COL-402
Operation: Continuous
Overhead Flow Rate: 329,345 lb/hr











Residence Time: 5 min
Temperature: 181 F
Pressure: 14.69 psia
PURCHASE PRICE: 148,000.00$              
REFLUX ACCUMULATOR
IDENTIFICATION: RA-COL-402
FUNCTION: To accumulate the reflux of COL-402
OPERATION: Continuous












Utilities: Electricity (45 kW)
Purchase Cost: 25,000$                       
Pump













Heat Duty: 78 MM BTU/hr
Area: 6,500 ft2
Tvap: 256? F
Purchase Cost: 313,000.00$               
HEAT EXCHANGER
Identification: R-COL-402
Function: To vaporize the boilup of COL-402
Operation: Continuous









lb/hr Feed: S-415 Disillate: S-416 Bottoms: S-418






M-xylene 29,442                         3,942                                     25,500                          
N-Pentane
Naphthalene 3                                    3                                    
Nitrogen
O-xylene 14,149                         37                                           14,112                          
P-xylene 92,572                         2,664                                     89,908                          
Toluene 243,497                       243,022                                475                                
1, 3, 5 - Trimethylbenzene 20,837                         20,837                          
2, 2, 3, 3 Tetramethylhexane 457                               5                                             452                                
Water
Total 408,277                       256,990                                151,286                       
Number of stages 26 Number of trays 38
Condenser Temperature 267 F Feed Sage 13
Reboiler Temperaure 337 F Molar Reflux Ratio 1.9
Height 69 ft Tray Type Sieve
Diameter 26 ft Condenser Pressure 25.7 psia
Material Carbon Steel Reboiler Pressure 29.2 psia
Tray Efficiency 70% Stage Pressure Drop 0.14 psia
Tray Spacing 18 inches
Purchase Cost: 9,356,000.00$           
Design Data:
DISTILLATION COLUMN
Separate xylene products from mixed stream S-415








Heat Transfer Area: 6693 ft2
Heat Duty 112 MM BTU/hr
Twater in: 77 F
Twater out: 120 F
Tcondense: 267 F
Utilities: Coolling Water(2.6 MM lb/hr)
Purchase Cost: 158,000.00$               
HEAT EXCHANGER
Identification: C-COL-403
Function: To condense the overhead of COL-403
Operation: Continuous
Overhead Flow Rate: 745,272 lb/hr











Residence Time: 5 min
Temperature: 267 F
Pressure: 25.7 psia
PURCHASE PRICE: 215,000.00$              
REFLUX ACCUMULATOR
IDENTIFICATION: RA-COL-403
FUNCTION: To accumulate the reflux of COL-403
OPERATION: Continuous












Utilities: Electricity (105 kW)
Purchase Cost: 43,000$                       
Pump













Heat Duty: 120 MM BTU/hr
Area: 10,000 ft2
Tvap: 337? F
Purchase Cost: 432,000.00$               
HEAT EXCHANGER
Identification: R-COL-403
Function: To vaporize the boilup of COL-403
Operation: Continuous
















M-xylene 25,500                         24,964                                   536                                
N-Pentane
Naphthalene 3                                    3                                    
Nitrogen
O-xylene 14,112                         12,055                                   2,057                            
P-xylene 89,908                         88,300                                   1,608                            
Toluene 475                               475                                         
1, 3, 5 - Trimethylbenzene 20,837                         41                                           20,796                          
2, 2, 3, 3 Tetramethylhexane 452                               426                                         25                                  
Water
Total 151,286                       126,260                                25,026                          
Number of stages 45 Number of trays 65
Condenser Temperature 353 F Feed Sage 26
Reboiler Temperaure 406 F Molar Reflux Ratio 2.15
Height 118 ft Tray Type Sieve
Diameter 10 ft Condenser Pressure 38 psia
Material Carbon Steel Reboiler Pressure 44.16 psia
Tray Efficiency 70% Stage Pressure Drop 0.14 psia
Tray Spacing 18 inches
Purchase Cost: 2,102,000.00$           
Design Data:
DISTILLATION COLUMN
Separate the heavies from the xylenes present in stream S-420.






Heat Transfer Area: 2118 ft2
Heat Duty 53.8 MM BTU/hr
Twater in: 77 F
Twater out: 120 F
Tcondense: 353 F
Utilities: Cooling Water(1.2 MM lb/hr)
Purchase Cost: 70,000.00$                                     
HEAT EXCHANGER
Identification: C-COL-404
Function: To condense the overhead of COL-404
Operation: Continuous
Overhead Flow Rate: 397,722 lb/hr
 
  












Utilities: Electricity (8 kW)
Purchase Cost: 13,000$                       
Pump















Residence Time: 5 min
Temperature: 353 F
Pressure: 38 psia
PURCHASE PRICE: 176,000.00$              
REFLUX ACCUMULATOR
IDENTIFICATION: RA-COL-404
FUNCTION: To accumulate the reflux of COL-404
OPERATION: Continuous












Utilities: Electricity (61 kW)
Purchase Cost: 34,000$                       
Pump













Heat Duty: 56 MM BTU/hr
Area: 4,700 ft2
Tvap: 406? F
Purchase Cost: 249,000.00$              
HEAT EXCHANGER
Identification: R-COL-404
Function: To vaporize the boilup of COL-404
Operation: Continuous









lb/hr Feed: S-317 Disillate: S-318 Bottoms: S-321
Benzene 160                               160                                         
Carbon-dioxide 37                                 37                                           
Ethylene 7                                    7                                             
Hydrogen
Metane 18                                 18                                           
Methanol 19,373                         19,326                                   47                                  
M-xylene 6                                    6                                             
N-Pentane
Naphthalene
Nitrogen 0                                    
O-xylene 2                                    2                                             
P-xylene 20                                 20                                           
Toluene 137                               137                                         
1, 3, 5 - Trimethylbenzene 1                                    1                                             
2, 2, 3, 3 Tetramethylhexane 1                                    
Water 66,763                         5,826                                     60,937                          
Total 86,526                         25,541                                   60,984                          
Number of stages 13 Number of trays 19
Condenser Temperature 128 F Feed Sage 9
Reboiler Temperaure 217 F Molar Reflux Ratio 1.87
Height 42 ft Tray Type Sieve
Diameter 11 ft Condenser Pressure 14.69 psia
Material Carbon Steel Reboiler Pressure 16.38 psia
Tray Efficiency 70% Stage Pressure Drop 0.14 psia
Tray Spacing 18 inches
Purchase Cost: 991,000.00$              
Design Data:
DISTILLATION COLUMN
Separates water from the mixture present in stream S-317.








Heat Transfer Area: 6646 ft2
Heat Duty 45.8 MM BTU/hr
Twater in: 77 F
Twater out: 120 F
Tcondense: 175 F
Utilities: Coolling Water(1 MM lb/hr)
Purchase Cost: 157,000.00$               
HEAT EXCHANGER
Identification: C-COL-302
Function: To condense the overhead of S-433
Operation: Continuous
Overhead Flow Rate: 73,307 lb/hr












Utilities: Electricity (13 kW)
Purchase Cost: 15,000$                       
Pump















Residence Time: 5 min
Temperature: 129 F
Pressure: 14.69 psia
PURCHASE PRICE: 76,000.00$                 
REFLUX ACCUMULATOR
IDENTIFICATION: RA-COL-302
FUNCTION: To accumulate the reflux of COL-302.
OPERATION: Continuous












Utilities: Electricity (11.4 kW)
Purchase Cost: 16,000$                       
Pump
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Heat Duty: 54 MM BTU/hr
Area: 4,500 ft2
Tvap: 217? F
Purchase Cost: 244,000.00$               
HEAT EXCHANGER
Identification: R-COL-302
Function: To vaporize the boilup of COL-302
Operation: Continuous











Flow Rate: 33,600                                   lb/h
Pressure In: 14.7 psi
Pressure Out: 36.7 psi
Capacity: 730                                         ft3/h
Efficiency: 52.2                                       %
Utilities: Electricity (1.7 kW)
Purchase Cost: 17,800$                       
Pump
To pressurize stream S-204 from 14.7 psi to 36.7 psi
Design Data:










Flow Rate: 1,356,000                             lb/h
Pressure In: 14.7 psi
Pressure Out: 68.6 psi
Capacity: 29,000                                   ft3/h
Efficiency: 85.9                                       %
Utilities: Electricity (100 kW)
Purchase Cost: 79,800$                       (3 x $26,600 per unit)
Pump
To pressurize stream S-208 from 13.1 psi to 68.6 psi
Design Data:










Flow Rate: 151,000                                lb/h
Pressure In: 14.7 psi
Pressure Out: 39.7 psi
Capacity: 2,930                                     ft3/h
Efficiency: 68.3                                       %
Utilities: Electricity (5.82kW)
Purchase Cost: 22,000$                       
Pump
To pressurize stream S-210 from 14.7 psi to 39.7 psi
Design Data:










Flow Rate: 390,000                                lb/h
Pressure In: 14.7 psi
Pressure Out: 50.7 psi
Capacity: 7,300                                     ft3/h
Efficiency: 76.3                                       %
Utilities: Electricity (14.6 kW)
Purchase Cost: 33,400$                       
Pump
To pressurize stream S-302 from 14.7 psi to 42.7 psi
Design Data:










Flow Rate: 689,217                                lb/h
Pressure In: 14.7 psi
Pressure Out: 44.7 psi
Capacity: 12,500                                   ft3/h
Efficiency: 80.1                                       %
Utilities: Electricity (29.5 kW)
Purchase Cost: 42,000$                       
Pump
To pressurize stream S-311 from 9.7 psi to 44.7 psi
Design Data:










Flow Rate: 86,500                                   lb/h
Pressure In: 19.7 psi
Pressure Out: 41.7 psi
Capacity: 1,500                                     ft3/h
Efficiency: 61.2                                       %
Utilities: Electricity (2.9 kW)
Purchase Cost: 19,000$                       
Pump
To pressurize stream S-315 from 19.7 psi to 41.7 psi
Design Data:









Flow Rate: 25,500                                   lb/h
Pressure In: 14.7 psi
Pressure Out: 39.7 psi
Capacity: 520                                         ft3/h
Efficiency: 47.6                                       %
Utilities: Electricity (1.5 kW)
Purchase Cost: 17,000$                       
Pump
To pressurize stream S-318 from 14.7 psi to 39.7 psi
Design Data:









Flow Rate: 61,000                                   lb/h
Pressure In: 16.4 psi
Pressure Out: 39.7 psi
Capacity: 1,100                                     ft3/h
Efficiency: 57.1                                       %
Utilities: Electricity (2.4 kW)
Purchase Cost: 18,000$                       
Pump
To pressurize stream S-321 from 16.4 psi to 39.7 psi
Design Data:











Flow Rate: 603,000                                lb/h
Pressure In: 20.0 psi
Pressure Out: 128.0 psi
Capacity: 11,500                                   ft3/h
Efficiency: 79.6                                       %
Utilities: Electricity (85.0 kW)
Purchase Cost: 54,600$                       
Pump
To pressurize stream S-314 from 20 psi to 128 psi
Design Data:










Flow Rate: 143,000                                lb/h
Pressure In: 14.7 psi
Pressure Out: 39.7 psi
Capacity: 2,800                                     ft3/h
Efficiency: 68.0                                       %
Utilities: Electricity (5.7 kW)
Purchase Cost: 22,000$                       
Pump
To pressurize stream S-410 from 14.7 psi to 39.7 psi
Design Data:










Flow Rate: 408,000                                lb/h
Pressure In: 17.7 psi
Pressure Out: 55.0 psi
Capacity: 8,500                                     ft3/h
Efficiency: 77.5                                       %
Utilities: Electricity (22.3 kW)
Purchase Cost: 38,000$                       
Design Data:
Pump
To pressurize stream S-413 from 17.7 psi to 55 psi









Flow Rate: 257,000                                lb/h
Pressure In: 25.7 psi
Pressure Out: 78.8 psi
Capacity: 5,400                                     ft3/h
Efficiency: 74.0                                       %
Utilities: Electricity (17.3 kW)
Purchase Cost: 98,000$                       
Pump
To pressurize stream S-416 from 25.7 psi to 69.2 psi
Design Data:










Flow Rate: 151,000                                lb/h
Pressure In: 29.2 psi
Pressure Out: 78.5 psi
Capacity: 3,300                                     ft3/h
Efficiency: 69.6                                       %
Utilities: Electricity (12.8 kW)
Purchase Cost: 25,500$                       
Pump
To pressurize stream S-418 from 29.2 psi to 78.5 psi
Design Data:










Flow Rate: 126,000                                lb/h
Pressure In: 33.0 psi
Pressure Out: 139.7 psi
Capacity: 2,700                                     ft3/h
Efficiency: 67.6                                       %
Utilities: Electricity (23.2 kW)
Purchase Cost: 27,000$                       
Pump
To pressurize stream S-424 from 33 psi to 139.7 psi
Design Data:









Flow Rate: 42,200                                   lb/h
Pressure In: 14.7 psi
Pressure Out: 78.8 psi
Capacity: 850                                         ft3/h
Efficiency: 54.3                                       %
Utilities: Electricity (4.6 kW)
Purchase Cost: 64,000$                       
Pump
To pressurize feed stream S-502 from 14.7 psi to 69.2 psi
Design Data:






In: S-105 Out: S-106
16,516                           129,859                       
724,142                        724,142                       
608,035                        640,261                       
662,350                        697,207                       
2,586,455                     2,390,531                   
56                                   15,555                         
116,091                        116,091                       
149,486                        149,486                       
4,863,131                     4,863,131                   
Design Data:
Type: PFR Operating Pressure 44.1 psia
Number of Reactors: 1 Pressure Drop: 5 psi
Catalyst Type: 10% Re2(CO)10/HZSM-5 Diameter: 5 ft
Catalyst Mass: 3,377 lb Length: 30 ft
Temperature: 700 C WHSV: 1440 hr
-1






Function: To react methane from natural gas in S-105 over catalyst to form benzene
Operation: Continuous





















In: S-305 Out: S-306
217,401                        111,679                       
340                                 340                               
242                                 242                               
397                                 397                               
89,167                           23,131                         
15                                   21,348                         
47                                   47                                  
3                                     3                                    
3                                     10,669                         
24                                   10,691                         
38,424                           112,022                       
1                                     18,366                         
38,070                           38,070                         
5,834                             42,962                         
389,967                        389,967                       
Design Data:
Type: PFR Operating Pressure 14.7 psia
Number of Reactors: 3 (with interstage cooling) Pressure Drop: 5 psi
Catalyst Type: H-beta Diameter: 8 ft
Catalyst Mass: 247,547 lb Length: 12 ft
Temperature: 400 C WHSV: 1.3 hr
-1




















1, 3, 5 - Trimethylbenzene
2, 2, 3, 3 Tetramethylhexane
Water
Total





In: S-506 Out S-507
7,319                             688                               
42,256                           826                               
3,943                             8,709                            
3,801                            
37                                   3,771                            
2,665                             83,794                         
243,020                        170,461                       
2,897                            
5                                     
24,300                         
299,246                        299,246                       
Design Data:
Type: PFR Operating Pressure 44.1 psia
Number of Reactors: 1 Pressure Drop: 5 psi
Catalyst Type: ZSM5 Diameter: 6 ft
Catalyst Mass: 71535 lb Length: 18 ft
Temperature: 600 C WHSV: 4 hr
-1




















1, 3, 5 - Trimethylbenzene
2, 2, 3, 3 Tetramethylhexane
Water
Total









Pressure In: 43.5 psia
Pressure Out: 71.6 psia
Temperature In: 104 F
Temperatue Out: 197 F
Flow Rate: 486,000 lb/hr
Efficiency: 72%
Driver Power: 170,184 hp
Utilities: Electricity (125930 kW)
Purchase Cost: 22,197,000$               
COMPRESSOR
Identification: C-101
Function: To increase the pressure in Stream 102 from 43.5 to 71.6 psia
Operation: Continuous
Design Data:








Pressure In: 40.5 psia
Pressure Out: 97.4 psia
Temperature In: 99 F
Temperatue Out: 287 F
Flow Rate: 4,862,700 lb/hr
Efficiency: 72%
Driver Power: 322,142 hp
Utilities: Electricity (238,385 kW)
Purchase Cost: 33,890,000$               
COMPRESSOR
Identification: C-102
Function: To increase the pressure in Stream S-107 from 40.5 to 97.4 psia
Operation: Continuous
Design Data:








Pressure In: 14.7 psia
Pressure Out: 69.4 psia
Temperature In: 90 F
Temperatue Out: 314.4 F
Flow Rate: 78,818 lb/hr
Efficiency: 72%
Driver Power: 2784 hp
Utilities: Electricity (2076 kW)
Purchase Cost: 4,299,000$                 
COMPRESSOR
Identification: C-201
Function: To increase the pressure in Stream S-213 from 14.7 to 69.4 psia
Operation: Continuous
Design Data:








Pressure In: 11.7 psia
Pressure Out: 42.7 psia
Temperature In: 207.8 F
Temperatue Out: 312.9 F
Flow Rate: 389,967 lb/hr
Efficiency: 72%
Driver Power: 6044 hp
Utilities: Electricity (4507 kW)
Purchase Cost: 7,993,000$                 
COMPRESSOR
Identification: C-301
Function: To increase the pressure in stream S-307 from 11.7 to 39.7 psia
Operation: Continuous
Design Data:








Pressure In: 2.94 psia
Pressure Out: 44.7 psia
Temperature In: 185 F
Temperatue Out: 342.7 F
Flow Rate: 551,465 lb/hr
Efficiency: 72%
Driver Power: 11993 hp
Utilities: Electricity (8943 kW)
Purchase Cost: 13,828,000$               
COMPRESSOR
Identification: C-401
Function: To increase the pressure in Stream S-407 from 2.94 to 44.7 psia
Operation: Continuous
Design Data:
















Benzene 129,881                       
Toluene -                                
P-xylene -                                
M-xylene -                                
O-xylene -                                
N-pentane -                                
1,3,5-Trimethylbenzene -                                
Methanol -                                
Naphthalene 15,555                         
Water -                                
Carbon Dioxide 723,887                       
Methane 2,390,528                   
Ethylene 640,140                       
Nitrogen 116,088                       
Hydrogen 697,152                       
2,2,3,3-Tetramethylhexane 149,525                       
Total 4,862,756                   
Type: Shell-and-tube
Material: Carbon Steel
Heat Transfer Area: 123,000                       ft2
Length: 20 ft
U: 120 Btu/ft2-h-°F
Heat Duty: 875,066,000              Btu/h
Hot Side Cold Side
Tin 288 77 °F
Tout 90 120 °F
Utilities: Cooling water (21,843,000 lb/hr)
Purchase Cost: 4,931,000$                 
Heat Exchanger
To cool compressed dehydrocyclization effluent to absorber specification
Design Data:










Benzene 129,881                                        
Toluene -                                                 
P-xylene -                                                 
M-xylene -                                                 
O-xylene -                                                 
N-pentane -                                                 
1,3,5-Trimethylbenzene -                                                 
Methanol -                                                 
Naphthalene 15,555                                          
Water -                                                 
Carbon Dioxide 723,887                                        
Methane 2,390,528                                    
Ethylene 640,140                                        
Nitrogen 116,088                                        
Hydrogen 697,152                                        
2,2,3,3-Tetramethylhexane 149,525                                        
Total 4,862,756                                    
Type: Shell-and-tube
Material: Carbon Steel
Heat Transfer Area: 127,000                                        ft2
Length: 20                                                   ft
U: 70                                                   Btu/ft2-h-°F
Heat Duty: 625,050,000                                Btu/h
Hot Side Cold Side
Tin 327 90 °F
Tout 77 120 °F
Utilities: Cooling water (15,602,000 lb/hr)
Purchase Cost: 5,181,000$                                  
Heat Exchanger
To cool regenerated solvent to absorber specification
Design Data:










Benzene 111,687                                        
Toluene 112,019                                        
P-xylene 10,692                                          
M-xylene 21,350                                          
O-xylene 10,670                                          
N-pentane 47                                                   
1,3,5-Trimethylbenzene 18,368                                          
Methanol 23,133                                          
Naphthalene 3                                                     
Water 42,963                                          
Carbon Dioxide 340                                                
Methane 397                                                
Ethylene 242                                                
Nitrogen 0                                                     
Hydrogen 0                                                     
2,2,3,3-Tetramethylhexane 38,070                                          
Total 389,980                                        
Type: Shell-and-tube
Material: Carbon Steel
Heat Transfer Area: 568                                                ft2
Length: 20                                                   ft
U: 120                                                Btu/ft2-h-°F
Heat Duty: 10,251,000                                  Btu/h
Hot Side Cold Side
Tin 283 77 °F
Tout 215 120 °F
Utilities: Cooling water (256,000 lb/hr)
Purchase Cost: 49,000$                                        
Heat Exchanger
To cool benzene alkylation reactor effluent to dew point
Design Data:










Benzene 112,378                                        
Toluene 282,496                                        
P-xylene 94,485                                          
M-xylene 30,060                                          
O-xylene 14,442                                          
N-pentane 3,847                                             
1,3,5-Trimethylbenzene 21,266                                          
Methanol 23,961                                          
Naphthalene 3                                                     
Water 67,266                                          
Carbon Dioxide 340                                                
Methane 397                                                
Ethylene 242                                                
Nitrogen 0                                                     
Hydrogen 0                                                     
2,2,3,3-Tetramethylhexane 38,070                                          
Total 689,253                                        
Type: Shell-and-tube
Material: Carbon Steel
Heat Transfer Area: 42,000                                          ft2
Length: 20                                                   ft
U: 120                                                Btu/ft2-h-°F
Heat Duty: 248,660,000                                Btu/h
Hot Side Cold Side
Tin 349 77 °F
Tout 90 120 °F
Utilities: Cooling water (6,207,000 lb/hr)
Purchase Cost: 1,250,000$                                  
Heat Exchanger
To cool separation train feed to decanter specification
Design Data:










Benzene 0                                                     
Toluene 477                                                
P-xylene 88,299                                          
M-xylene 24,972                                          
O-xylene 12,045                                          
N-pentane -                                                 
1,3,5-Trimethylbenzene 41                                                   
Methanol -                                                 
Naphthalene 0                                                     
Water -                                                 
Carbon Dioxide -                                                 
Methane -                                                 
Ethylene -                                                 
Nitrogen -                                                 
Hydrogen -                                                 
2,2,3,3-Tetramethylhexane 426                                                
Total 126,259                                        
Type: Shell-and-tube
Material: Carbon Steel
Heat Transfer Area: 113                                                ft2
Length: 20                                                   ft
U: 120                                                Btu/ft2-h-°F
Heat Duty: 3,076,000                                    Btu/h
Hot Side Cold Side
Tin 347 77 °F
Tout 302 120 °F
Utilities: Cooling water (77,000 lb/hr)
Purchase Cost: 37,000$                                        
Heat Exchanger
To cool xylene distillate to Parex specifications
Design Data:










Benzene 0                                                     
Toluene 2                                                     
P-xylene 85,650                                          
M-xylene 125                                                
O-xylene 60                                                   
N-pentane -                                                 
1,3,5-Trimethylbenzene 0                                                     
Methanol -                                                 
Naphthalene -                                                 
Water -                                                 
Carbon Dioxide -                                                 
Methane -                                                 
Ethylene -                                                 
Nitrogen -                                                 
Hydrogen -                                                 
2,2,3,3-Tetramethylhexane 2                                                     
Total 85,840                                          
Type: Shell-and-tube
Material: Carbon Steel
Heat Transfer Area: 1,900                                             ft2
Length: 20                                                   ft
U: 70                                                   Btu/ft2-h-°F
Heat Duty: 8,517,000                                    Btu/h
Hot Side Cold Side
Tin 303 77 °F
Tout 90 120 °F
Utilities: Cooling water (213,000 lb/hr)
Purchase Cost: 84,000$                                        
Heat Exchanger
To condense p-xylene product
Design Data:










Benzene 0                                                     
Toluene 475                                                
P-xylene 2,649                                             
M-xylene 24,847                                          
O-xylene 11,985                                          
N-pentane -                                                 
1,3,5-Trimethylbenzene 40                                                   
Methanol -                                                 
Naphthalene -                                                 
Water -                                                 
Carbon Dioxide -                                                 
Methane -                                                 
Ethylene -                                                 
Nitrogen -                                                 
Hydrogen -                                                 
2,2,3,3-Tetramethylhexane 424                                                
Total 40,420                                          
Type: Shell-and-tube
Material: Carbon Steel
Heat Transfer Area: 910 ft2
Length: 20                                                   ft
U: 70                                                   Btu/ft2-h-°F
Heat Duty: 4,100,000                                    Btu/h
Hot Side Cold Side
Tin 303 77 °F
Tout 90 120 °F
Utilities: Cooling water (102,000 lb/hr)
Purchase Cost: 58,000$                                        
Heat Exchanger
To condense mixed xylene product
Design Data:









lb/hr Hot Side Cold Side
Benzene 7,216                           919                                                                           
Toluene -                                -                                                                           
P-xylene -                                -                                                                           
M-xylene -                                -                                                                           
O-xylene -                                -                                                                           
N-pentane -                                -                                                                           
1,3,5-Trimethylbenzene -                                -                                                                           
Methanol -                                -                                                                           
Naphthalene 864                               3                                                                               
Water -                                -                                                                           
Carbon Dioxide 40,216                         40,216                                                                     
Methane 132,807                       143,692                                                                  
Ethylene 35,563                         33,773                                                                     
Nitrogen 6,449                           6,449                                                                       
Hydrogen 38,731                         36,794                                                                     
2,2,3,3-Tetramethylhexane 8,307                           8,307                                                                       
Total 270,153                       270,153                                                                  
Type: Shell-and-tube
Material: Carbon Steel
Heat Transfer Area: 32,000                         ft2
Length: 20 ft
U: 100 BTU/ft2-h-°F
Heat Duty: 278,000,000              Btu/h
Hot Side Cold Side
Tin 1292 361 °F
Tout 361 1280 °F
Purchase Cost: 20,520,000$              ($1,140,000 per unit)
Heat Exchanger
To heat dehydrocyclization reactor feed to MTA with reactor effluent
Design Data:









lb/hr Hot Side Cold Side
Benzene 129,881                       16,538                                         
Toluene -                                -                                               
P-xylene -                                -                                               
M-xylene -                                -                                               
O-xylene -                                -                                               
N-pentane -                                -                                               
1,3,5-Trimethylbenzene -                                -                                               
Methanol -                                -                                               
Naphthalene 15,555                         56                                                 
Water -                                -                                               
Carbon Dioxide 723,887                       723,887                                      
Methane 2,390,528                   2,586,452                                   
Ethylene 640,140                       607,914                                      
Nitrogen 116,088                       116,088                                      
Hydrogen 697,152                       662,296                                      
2,2,3,3-Tetramethylhexane 149,525                       149,525                                      
Total 4,862,756                   4,862,756                                   
Type: Shell-and-tube
Material: Carbon Steel
Heat Transfer Area: 305,000                       ft2
Length: 20 ft
U: 100 Btu/ft2-h-°F
Heat Duty: 657,300,000              Btu/h
Hot Side Cold Side
Tin 357 188 °F
Tout 211 337 °F
Purchase Cost: 18,950,000$              
Heat Exchanger
To heat dehydrocyclization reactor feed to the pinch with reactor effluent
Design Data:









lb/hr Hot Side Cold Side
Benzene 112,218                       78                                                       
Toluene 282,359                       -                                                     
P-xylene 94,465                         -                                                     
M-xylene 30,055                         -                                                     
O-xylene 14,439                         -                                                     
N-pentane 3,847                           -                                                     
1,3,5-Trimethylbenzene 21,265                         -                                                     
Methanol 4,586                           -                                                     
Naphthalene 3                                    7,572                                                 
Water 498                               -                                                     
Carbon Dioxide 303                               0                                                         
Methane 378                               0                                                         
Ethylene 235                               0                                                         
Nitrogen 0                                    0                                                         
Hydrogen -                                -                                                     
2,2,3,3-Tetramethylhexane 38,069                         4,062,210                                        
Total 602,720                       4,069,860                                        
Type: Shell-and-tube
Material: Carbon Steel
Heat Transfer Area: 5,500                           ft2
Length: 20 ft
U: 120 Btu/ft2-h-°F
Heat Duty: 60,469,000                 Btu/h
Hot Side Cold Side
Tin 327 101 °F
Tout 327 302 °F
Purchase Cost: 171,000$                    
Heat Exchanger
To heat Sulfinol process feed while condensing regenerated Isopar solvent
Design Data:







lb/hr Hot Side Cold Side
Benzene 111,687                       217,417                                      
Toluene 112,019                       38,415                                         
P-xylene 10,692                         24                                                 
M-xylene 21,350                         15                                                 
O-xylene 10,670                         3                                                   
N-pentane 47                                 47                                                 
1,3,5-Trimethylbenzene 18,368                         1                                                   
Methanol 23,133                         89,174                                         
Naphthalene 3                                    3                                                   
Water 42,963                         5,833                                           
Carbon Dioxide 340                               340                                               
Methane 397                               397                                               
Ethylene 242                               242                                               
Nitrogen 0                                    0                                                   
Hydrogen 0                                    0                                                   
2,2,3,3-Tetramethylhexane 38,070                         38,070                                         
 
Total 389,980                       389,980                                      
Type: Shell-and-tube
Material: Carbon Steel
Heat Transfer Area: 11,700                         ft2
Length: 20 ft
U: 100 Btu/ft2-h-°F
Heat Duty: 68,692,000                 Btu/h
Hot Side Cold Side
Tin 752 405 °F
Tout 337 702 °F
Purchase Cost: 325,000$                    
Heat Exchanger
To heat benzene alkylation reactor feed to MTA with reactor effluent
Design Data:








lb/hr Hot Side Cold Side
Benzene 111,687                       217,417                                      
Toluene 112,019                       38,415                                         
P-xylene 10,692                         24                                                 
M-xylene 21,350                         15                                                 
O-xylene 10,670                         3                                                   
N-pentane 47                                 47                                                 
1,3,5-Trimethylbenzene 18,368                         1                                                   
Methanol 23,133                         89,174                                         
Naphthalene 3                                    3                                                   
Water 42,963                         5,833                                           
Carbon Dioxide 340                               340                                               
Methane 397                               397                                               
Ethylene 242                               242                                               
Nitrogen 0                                    0                                                   
Hydrogen 0                                    0                                                   
2,2,3,3-Tetramethylhexane 38,070                         38,070                                         
 
Total 389,980                       389,980                                      
Type: Shell-and-tube
Material: Carbon Steel
Heat Transfer Area: 5,500                           ft2
Length: 20 ft
U: 100 Btu/ft2-h-°F
Heat Duty: 11,950,000                 Btu/h
Hot Side Cold Side
Tin 357 260 °F
Tout 283 337 °F
Purchase Cost: 172,000$                    
Heat Exchanger
To heat benzene alkylation reactor feed to pinch with reactor effluent
Design Data:










lb/hr Hot Side Cold Side
Benzene 112,378                       7,325                                           
Toluene 282,496                       243,039                                      
P-xylene 94,485                         2,651                                           
M-xylene 30,060                         3,932                                           
O-xylene 14,442                         37                                                 
N-pentane 3,847                           0                                                   
1,3,5-Trimethylbenzene 21,266                         0                                                   
Methanol 23,961                         42,259                                         
Naphthalene 3                                    0                                                   
Water 67,266                         -                                               
Carbon Dioxide 340                               -                                               
Methane 397                               -                                               
Ethylene 242                               -                                               
Nitrogen 0                                    -                                               
Hydrogen 0                                    -                                               
2,2,3,3-Tetramethylhexane 38,070                         5                                                   
Total 689,253                       299,248                                      
Type: Shell-and-tube
Material: Carbon Steel
Heat Transfer Area: 3,500                           ft2
Length: 20 ft
U: 100 Btu/ft2-h-°F
Heat Duty: 41,900,000                 Btu/h
Hot Side Cold Side
Tin 689 572 °F
Tout 337 638 °F
Purchase Cost: 123,000$                    
Heat Exchanger
To heat toluene alkylation reactor feed to MTA with combined alkylation 
reactor effluent streams
Design Data:









lb/hr Hot Side Cold Side
Benzene 112,106                       7,325                                                                  
Toluene 281,795                       243,039                                                             
P-xylene 92,575                         2,651                                                                  
M-xylene 29,453                         3,932                                                                  
O-xylene 14,151                         37                                                                        
N-pentane 46                                 0                                                                          
1,3,5-Trimethylbenzene 20,840                         0                                                                          
Methanol 55                                 42,259                                                                
Naphthalene 3                                    0                                                                          
Water 6                                    -                                                                      
Carbon Dioxide 4                                    -                                                                      
Methane 5                                    -                                                                      
Ethylene 3                                    -                                                                      
Nitrogen 0                                    -                                                                      
Hydrogen -                                -                                                                      
2,2,3,3-Tetramethylhexane 457                               5                                                                          
Total 551,498                       299,248                                                             
Type: Shell-and-tube
Material: Carbon Steel
Heat Transfer Area: 8,400                           ft2
Length: 20 ft
U: 250 Btu/ft2-h-°F
Heat Duty: 64,290,000                 Btu/h
Hot Side Cold Side
Tin 339 232 °F
Tout 303 318 °F
Purchase Cost: 243,000$                    
Heat Exchanger
To vaporize the toluene alkylation reactor feed while condensing Sulfinol products
Design Data:









lb/hr Hot Side Cold Side
Benzene 112,106                       217,417                                                                             
Toluene 281,795                       38,415                                                                               
P-xylene 92,575                         24                                                                                       
M-xylene 29,453                         15                                                                                       
O-xylene 14,151                         3                                                                                          
N-pentane 46                                 47                                                                                       
1,3,5-Trimethylbenzene 20,840                         1                                                                                          
Methanol 55                                 89,174                                                                               
Naphthalene 3                                    3                                                                                          
Water 6                                    5,833                                                                                 
Carbon Dioxide 4                                    340                                                                                     
Methane 5                                    397                                                                                     
Ethylene 3                                    242                                                                                     
Nitrogen 0                                    0                                                                                          
Hydrogen -                                0                                                                                          
2,2,3,3-Tetramethylhexane 457                               38,070                                                                               
 
Total 551,498                       389,980                                                                             
Type: Shell-and-tube
Material: Carbon Steel
Heat Transfer Area: 6,000                           ft2
Length: 20 ft
U: 185 Btu/ft2-h-°F
Heat Duty: 63,659,000                 Btu/h
Hot Side Cold Side
Tin 303 105 °F
Tout 153 199 °F
Purchase Cost: 184,000$                    
Heat Exchanger
To cool Sulfinol product to distillation tower specification while heating alkylation reactor feed
Design Data:









lb/hr Hot Side Cold Side
Benzene 7,325                           7,325                                           
Toluene 243,039                       243,039                                      
P-xylene 2,651                           2,651                                           
M-xylene 3,932                           3,932                                           
O-xylene 37                                 37                                                 
N-pentane 0                                    0                                                   
1,3,5-Trimethylbenzene 0                                    0                                                   
Methanol 42,259                         42,259                                         
Naphthalene 0                                    0                                                   
Water -                                -                                               
Carbon Dioxide -                                -                                               
Methane -                                -                                               
Ethylene -                                -                                               
Nitrogen -                                -                                               
Hydrogen -                                -                                               
2,2,3,3-Tetramethylhexane 5                                    5                                                   
Total 299,248                       299,248                                      
Type: Shell-and-tube
Material: Carbon Steel
Heat Transfer Area: 380                               ft2
Length: 20 ft
U: 100 Btu/ft2-h-°F
Heat Duty: 21,503,500                 Btu/h
Hot Side Cold Side
Tin 1331 638 °F
Tout 1112 768 °F
Purchase Cost: 44,000$                       
Heat Exchanger
To heat toluene alkylation reactor feed with reactor interstage cooling
Design Data:









lb/hr Hot Side Cold Side
Benzene 7,325                           7,325                                           
Toluene 243,039                       243,039                                      
P-xylene 2,651                           2,651                                           
M-xylene 3,932                           3,932                                           
O-xylene 37                                 37                                                 
N-pentane 0                                    0                                                   
1,3,5-Trimethylbenzene 0                                    0                                                   
Methanol 42,259                         42,259                                         
Naphthalene 0                                    0                                                   
Water -                                -                                               
Carbon Dioxide -                                -                                               
Methane -                                -                                               
Ethylene -                                -                                               
Nitrogen -                                -                                               
Hydrogen -                                -                                               
2,2,3,3-Tetramethylhexane 5                                    5                                                   
Total 299,248                       299,248                                      
Type: Shell-and-tube
Material: Carbon Steel
Heat Transfer Area: 380                               ft2
Length: 20 ft
U: 100 Btu/ft2-h-°F
Heat Duty: 21,503,500                 Btu/h
Hot Side Cold Side
Tin 1331 768 °F
Tout 1112 898 °F
Purchase Cost: 44,000$                       
Heat Exchanger
To heat toluene alkylation reactor feed with reactor interstage cooling
Design Data:









lb/hr Hot Side Cold Side
Benzene 112,378                       7,325                                           
Toluene 282,496                       243,039                                      
P-xylene 94,485                         2,651                                           
M-xylene 30,060                         3,932                                           
O-xylene 14,442                         37                                                 
N-pentane 3,847                           0                                                   
1,3,5-Trimethylbenzene 21,266                         0                                                   
Methanol 23,961                         42,259                                         
Naphthalene 3                                    0                                                   
Water 67,266                         -                                               
Carbon Dioxide 340                               -                                               
Methane 397                               -                                               
Ethylene 242                               -                                               
Nitrogen 0                                    -                                               
Hydrogen 0                                    -                                               
2,2,3,3-Tetramethylhexane 38,070                         5                                                   
Total 689,253                       299,248                                      
Type: Shell-and-tube
Material: Carbon Steel
Heat Transfer Area: 920                               ft2
Length: 20 ft
U: 100 Btu/ft2-h-°F
Heat Duty: 2,293,000                   Btu/h
Hot Side Cold Side
Tin 357 318 °F
Tout 349 337 °F
Purchase Cost: 58,500$                       
Heat Exchanger
To heat toluene alkylation reactor feed to pinch with combined alkylation reactor effluent
Design Data:










lb/hr Hot Side Cold Side
Benzene 78                                 217,417                                      
Toluene -                                38,415                                         
P-xylene -                                24                                                 
M-xylene -                                15                                                 
O-xylene -                                3                                                   
N-pentane -                                47                                                 
1,3,5-Trimethylbenzene -                                1                                                   
Methanol -                                89,174                                         
Naphthalene 7,572                           3                                                   
Water -                                5,833                                           
Carbon Dioxide 0                                    340                                               
Methane 0                                    397                                               
Ethylene 0                                    242                                               
Nitrogen 0                                    0                                                   
Hydrogen -                                0                                                   
2,2,3,3-Tetramethylhexane 4,062,210                   38,070                                         
Total 4,069,860                   389,980                                      
Type: Shell-and-tube
Material: Carbon Steel
Heat Transfer Area: 2,200                           ft2
Length: 20 ft
U: 250 Btu/ft2-h-°F
Heat Duty: 55,226,000                 Btu/h
Hot Side Cold Side
Tin 327 327 °F
Tout 199 260 °F
Purchase Cost: 92,000$                       
Heat Exchanger
To heat benzene alkylation reactor feed to MTA while condensing 
regenerated solvent
Design Data:










Benzene 16,538                         
Toluene -                                
P-xylene -                                
M-xylene -                                
O-xylene -                                
N-pentane -                                
1,3,5-Trimethylbenzene -                                
Methanol -                                
Naphthalene 56                                 
Water -                                
Carbon Dioxide 723,887                       
Methane 2,586,452                   
Ethylene 607,914                       
Nitrogen 116,088                       
Hydrogen 662,296                       
2,2,3,3-Tetramethylhexane 149,525                       
Total 4,862,756                   
Material: Carbon Steel
Heat Duty: 602,162,000              Btu/h
Efficiency: 80 %
Pressure: 69                                 psi
Tin 1280 °F
Tout 1380 °F
Utilities: Purge stream (428,300 cuft/h)
Purchase Cost: 10,261,000$              
Fired Heater (Furnace)
To provide additional heating to Reactor R-101 feed
Design Data:









Benzene 16,538                         
Toluene -                                
P-xylene -                                
M-xylene -                                
O-xylene -                                
N-pentane -                                
1,3,5-Trimethylbenzene -                                
Methanol -                                
Naphthalene 56                                 
Water -                                
Carbon Dioxide 723,887                       
Methane 2,586,452                   
Ethylene 607,914                       
Nitrogen 116,088                       
Hydrogen 662,296                       
2,2,3,3-Tetramethylhexane 149,525                       
Total 4,862,756                   
Material: Carbon Steel
Heat Duty: 531,387,000              Btu/h
Efficiency: 80 %
Pressure: 69                                 psi
Tin 1202 °F
Tout 1292 °F
Utilities: Purge stream (378,000 cuft/h)
Purchase Cost: 8,456,000$                 
Fired Heater (Furnace)
To provide additional heating to Reactor R-101 along with H-603
Design Data:









Benzene 217,417                       
Toluene 38,415                         
P-xylene 24                                 
M-xylene 15                                 
O-xylene 3                                    
N-pentane 47                                 
1,3,5-Trimethylbenzene 1                                    
Methanol 89,174                         
Naphthalene 3                                    
Water 5,833                           
Carbon Dioxide 340                               
Methane 397                               
Ethylene 242                               
Nitrogen 0                                    
Hydrogen 0                                    
2,2,3,3-Tetramethylhexane 38,070                         
Total 389,980                       
Material: Carbon Steel
Heat Duty: 10,704,000                 Btu/h
Efficiency: 80 %
Pressure: 40                                 psi
Tin 702 °F
Tout 752 °F
Utilities: Purge stream (7,600 cuft/h)
Purchase Cost: 425,000$                    
Fired Heater (Furnace)
To provide additional heating to Reactor R-301
Design Data:










Benzene 7,325                           
Toluene 243,039                       
P-xylene 2,651                           
M-xylene 3,932                           
O-xylene 37                                 
N-pentane 0                                    
1,3,5-Trimethylbenzene 0                                    
Methanol 42,259                         
Naphthalene 0                                    
Water -                                
Carbon Dioxide -                                
Methane -                                
Ethylene -                                
Nitrogen -                                
Hydrogen -                                
2,2,3,3-Tetramethylhexane 5                                    
Total 299,248                       
Material: Carbon Steel
Heat Duty: 39,156,000                 Btu/h
Efficiency: 80 %
Pressure: 66                                 psi
Tin 898 °F
Tout 1112 °F
Utilities: Purge stream (28,000 cuft/h)
Purchase Cost: 1,147,000$                 
Fired Heater (Furnace)
To provide additional heating to Reactor R-501
Design Data:












Residence Time: 8 hr
Temperature: 90 F
Pressure: 14.7 psia
Purchase Cost: 679,100.00$                        
STORAGE TANK
Identification: T-301
Function: Stores benzene from the dehydrocyclization process for use in the benzene alkylation unit
Operation: Continuous













Purchase Cost: 626,700.00$                        
STORAGE TANK
Identification: T-302
Function: To store feed methanol for both alkylation units
Operation: Continuous













Purchase Cost: 1,157,675.00$                    
STORAGE TANK
Identification: T-303
Function:  Stores alkylation reactor effluent to feed to the separation train
Operation: Continuous
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V)  COST SUMMARIES AND ECONOMIC ANALYSIS 
Equipment Cost Summary 
The cost of each piece of equipment required in this process is identified in this section in 
the following table.  All consultant-provided pricing is given in email correspondence provided 
in Appendix J.  
  
COL-401 Sulfinol Process $93,375,800 Consultant Provided
COL-405 Parex Process $123,975,000 Consultant Provided
ID Description Cost Price Source
C-101 Centrifugal Compressor $22,197,000 Seider Correlation
C-102 Centrifugal Compressor $33,890,000 Seider Correlation
C-201 Centrifugal Compressor $4,298,897 Seider Correlation
C-301 Centrifugal Compressor $13,828,464 Seider Correlation
C-401 Centrifugal Compressor $7,992,870 Seider Correlation
R-101 PFR $115,163 Seider Correlation
R-301 PFR $380,253 Seider Correlation
R-501 PFR $114,773 Seider Correlation
COL-401 Decanter $194,585 Seider Correlation
COL-201 Distillation Tower $26,736,549 Seider Correlation
COL-202 Distillation Tower $5,278,927 Seider Correlation
COL-302 Distillation Tower $1,499,318 Seider Correlation
COL-402 Distillation Tower $2,387,100 Seider Correlation
COL-403 Distillation Tower $10,223,423 Seider Correlation
COL-404 Distillation Tower $2,644,524 Seider Correlation
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   ID Description Cost Price Source
P-201 Centrifugal Pump $22,000 Seider Correlation
P-202 Centrifugal Pump $17,800 Seider Correlation
P-203 Centrifugal Pump $80,000 Seider Correlation
P-301 Centrifugal Pump $33,400 Seider Correlation
P-302 Centrifugal Pump $42,000 Seider Correlation
P-303 Centrifugal Pump $54,600 Seider Correlation
P-304 Centrifugal Pump $38,000 Seider Correlation
P-305 Centrifugal Pump $22,000 Seider Correlation
P-401 Centrifugal Pump $25,500 Seider Correlation
P-402 Centrifugal Pump $27,000 Seider Correlation
P-403 Centrifugal Pump $19,000 Seider Correlation
P-404 Centrifugal Pump $17,000 Seider Correlation
P-405 Centrifugal Pump $18,000 Seider Correlation
P-406 Centrifugal Pump $98,000 Seider Correlation
P-501 Centrifugal Pump $64,000 Seider Correlation
H-101 Shell-and-tube Heat Exchanger 4,931,000.00$         Seider Correlation
H-401 Shell-and-tube Heat Exchanger 37,000.00$               Seider Correlation
H-402 Shell-and-tube Heat Exchanger 84,000.00$               Seider Correlation
H-403 Shell-and-tube Heat Exchanger 58,000.00$               Seider Correlation
H-601 Shell-and-tube Heat Exchanger 18,950,000.00$       Seider Correlation
H-602 Shell-and-tube Heat Exchanger 20,600,000.00$       Seider Correlation
H-604 Shell-and-tube Heat Exchanger 89,200.00$               Seider Correlation
H-701 Shell-and-tube Heat Exchanger 184,000.00$             Seider Correlation
H-702 Shell-and-tube Heat Exchanger 92,000.00$               Seider Correlation
H-703 Shell-and-tube Heat Exchanger 172,000.00$             Seider Correlation
H-704 Shell-and-tube Heat Exchanger 325,000.00$             Seider Correlation
H-706 Shell-and-tube Heat Exchanger 171,000.00$             Seider Correlation
H-708 Shell-and-tube Heat Exchanger 5,181,000.00$         Seider Correlation
H-709 Shell-and-tube Heat Exchanger 49,000.00$               Seider Correlation
H-801 Shell-and-tube Heat Exchanger 243,000.00$             Seider Correlation
H-802 Shell-and-tube Heat Exchanger 58,500.00$               Seider Correlation
H-803 Shell-and-tube Heat Exchanger 123,000.00$             Seider Correlation
H-804 Shell-and-tube Heat Exchanger 87,180.00$               Seider Correlation
H-806 Shell-and-tube Heat Exchanger 1,250,000.00$         Seider Correlation
H-603 Fired Heater 10,265,000.00$       Seider Correlation
H-705 Fired Heater 425,000.00$             Seider Correlation
H-805 Fired Heater 1,147,000.00$         Seider Correlation
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Fixed-Capital Investment Summary 
The total fixed costs were calculated from the total cost of operations, maintenance, 










Operations Annual Cost ($)
Direct Wages and Benefits 3,640,000           
Direct Salaries and Benefits 546,000              
Operating Supplies and Services 218,000              
Technical Assistance to Manufacturing 3,000,000           
Control Laboratory 3,250,000           
Total Operations 10,650,000         
Maintenance Annual Cost ($)
Wages and Benefits 20,772,000         
Salaries and Benefits 5,179,000           
Materials and Services 20,715,000         
Maintenance Overhead 1,036,000           
Total Maintenance 47,645,000         
Operating Overhead Annual Cost ($)
General Plant Overhead: 2,660,000           
Mechanical Department Services: 900,000              
Employee Relations Department: 2,210,000           
Business Services: 2,770,000           
Total Operating Overhead 8,550,000           
Property Taxes and Insurance Annual Cost ($)
Property Taxes and Insurance: 11,840,000         
Total Fixed Costs 77,000,000$       
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Guidelines provided in chapter 23 of Product and Process Design Principles were used to 
arrive at these numbers [21].  Ten operators will operate this plant per shift.  This number was 
calculated by multiplying five operators by a factor of two since this plant is a continuous-flow 
process that produces over 1,000 tons of products per day.  Direct wages and benefits (DW&B) 
are assumed at $35 per operator-hour.  In addition, costs for direct salaries and benefits for 
supervisory and engineering personal is set at 15% of DW&B and operating supplies and 
services is set at 6% of DW&B.  Finally, $60,000 per operator-shift-year is added for technical 
assistance and $65,000 per operator-shift-year.  Wages and benefits for maintenance staff 
(MW&B) is set at 3.5% of total depreciable capital, since this process deals with fluids only.  
Costs of maintenance staff wages and benefits, materials and services, and maintenance overhead 
are estimated at 25%, 100%, and 5% of MW&B costs respectively.  Finally, property taxes and 
property insurance costs were estimated at 2% of TDC.  Since this process is located on a fairly 
large plant, this analysis did not take into account any additional costs such as rental fees and 
licensing fees. 
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Operating Cost and Economic Analysis 
 
Economic Analysis 
The return on investment is calculated as the ratio of net annual earnings, including 
income tax and a five-year MACRS depreciation schedule, and the total capital investment, 
adjusted for working capital effects. This process has an ROI of 2.97% based on the third 
production year. 
Annual Sales ($)    486,851,550  
Annual Costs ($)   (399,643,602) 
Depreciation ($)     (53,031,099) 
Income Tax ($)     (13,670,739) 
Net Earnings ($)      20,506,109  
Total Capital Investment ($)    689,801,922  
ROI   2.97% 
The Internal Rate of Return (IRR) for this project is 5.77% and the Net Present Value 
(NPV) for the project is $(326,945,000) at a discount rate of 20%. These values were calculated 
using the “Profitability Analysis” Ecel worksheet introduced as part of the Product and Process 
Design Principles (CBE 400). The full spreadsheet is attached in Appendix I: Profitability 
Analysis Reports.  Looking at these numbers, it is evident that the plant is not currently an 
economically favorable business venture. A few important variables that contribute to low 
profitability are high utility costs, high fixed costs for proprietary equipments, and low 
conversion of methane to benzene in the dehydrocyclization reactor. Other important factors that 
lead to this low internal rate of return have been addressed in the following sections. These 
factors include price of natural gas, price of p-xylene as the main product, and fixed and variable 
costs.  
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Overall Revenue and Cost Analysis 
Revenue Analysis 
Figure 4: Revenue Stream Analysis 
Analysis on the revenue stream was conducted to examine the source of revenue of the 
project and is presented in Figure 4. As expected, p-xylene consisted 72% of the entire revenue 
stream and mixed xylene consisted 19%, as mixed xylenes are significantly less valuable than p-
xylene. Revenue from heating value of byproducts was calculated as the price of natural gas with 
equivalent heating value. Only 9% of the revenue came from the heating values of the byproduct 




















Figure 5: Variable Cost Analysis     Figure 6: Equistment Cost Analysis 
 
Analysis on the cost streams was conducted on variable cost and equipment costs. As 
shown in Figure 5 above, 64% of the variable cost composed of utilities cost. The raw material 
cost, which includes costs for natural gas, methane, and solvents, composed 36% of the variable 
cost. Utility cost is one of the main reasons why the NPV for the project is negative, as it 
composes a staggering 64% of the total variable cost. Another major reason for the negative 
NPV is the cost of proprietary processes. As seen in Figure 5, the cost of proprietary processes 
composes over half of the equipment costs at 52%. The Parex process alone costs over 


















Sensitivity Analysis on Feed Price 
Figure 7: Effect of Natural Gas Price on IRR and ROI 
With current natural gas price of $0.02 per lb, the IRR is 5.77% and ROI on the third year 
is 2.97%. The ROI and IRR of the project is highly sensitive to the price of natural gas, as large 
amounts of natural gas is required for the process due to the low conversion of the reaction in the 
dehydrocyclization reactor. Sensitivity analysis was conducted on natural gas price ranging from 
$0.01 - $ 0.04 per lb. If natural gas price increases to $0.04 per lb, the IRR and ROI become 
negative. As the natural gas price is predicted to rise at the rate of 7.3%, this will most likely 
push the IRR of the project even lower and result in a highly negative NPV.  In the unlikely 
event that the natural gas prices fall to $0.01 per lb, the IRR greatly increases to 8.91%, although 
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Sensitivity Analysis on Product Price 
Figure 8: Effect of p-Xlyene Price on IRR 
As seen in the Figure 4 in the revenue stream analysis, 72% of the revenue comes from p-
xylene, which is one of the main products from the project along with mixed xylene. A 
sensitivity analysis was conducted on the price of p-xylene, as the revenue stream is heavily 
dependent on the price of p-Xylene. As expected, the IRR increases as price of p-xylene 
increases. However, to reach the target IRR of 20%, the price of p-xylene has to increase to 
$1.05 per lb from the current price of $0.75 per lb, which is a staggering 40% increase in price.  
















Price of p-Xylene ($/lb) 
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Sensitivity Analysis on Cost 
Price of Cooling Water 
Figure 9: Effect of Cooling Water Price on IRR 
As 64% of the variable cost comes from utilities costs, which is composed of mainly 
cooling water for heat exchangers, a sensitivity analysis was conducted on price of water. Over 
600 lbs of cooling water is required to produce a pound of p-xylene. As seen in the Figure 9, the 
price of cooling water impacts the IRR significantly. If the price of cooling water falls to $0.01 
per 1000 lb, the IRR increases to 5.87% from the current IRR of 5.77%. If the price increases to 
$0.015 per 1000 lb, the IRR decreases to 5.62%.  
Sensitivity analysis on the required cooling water ratio was conducted as well as seen in 
Figure 10. If the required cooling water ratio of 600 lbs per 1 lb of p-xylene produced decreases 
to 520, the IRR increases to 5.87%. If the required cooling water ratio increases to 779 lbs per 1 
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Figure 10: Effect of Required Cooling Water Ratio on IRR 
Proprietary Process Costs 
Figure 11: Effect of Proprietary Cost on IRR 
Currently, the proprietary equipment cost is over $217,000,000, which is 52% of fixed 
equipment cost. Since the proprietary equipment cost is very high, a sensitivity analysis was 
conducted on the proprietary equipment costs. As seen in Figure 11, IRR is highly sensitive to 
the proprietary equipment costs. If proprietary equipment cost drops to half of the current cost,  

































Proprietary Costs (as percentage of current cost) 
Section V: Cost Summaries and Economic Analysis 
200 
 
Yield of p-Xylene and Parex Process Costs 
Figure 12: Effect of p-Xylene Yield on IRR and NPV 
 P-xylene is the main product of the entire process, and accounts for 72% of the total 
revenue stream. As IRR would be highly sensitive to the amount of p-xylene produced given the 
high price for p-xylene, a sensitivity analysis was conducted on the yield of p-xylene as seen in 
Figure 12. The amount of mixed xylene produced and utilities and raw materials consumed were 
adjusted accordingly. If the p-xylene yield increases to 110% of the current yield, the IRR jumps 
to 7.53%, and the NPV would become less negative. However, even if p-xylene yield increases 
to 130% of the current yield, NPV of the project does not becomes positive and does not reach 











































Figure 13: Effect of Product Stream Composition on NPV 
 Figure 13 shows the sensitivity analysis of product stream composition on NPV. 
Currently, the product stream consists of 68% p-xylene, and 32% mixed xylene. If the product 
stream composition changes so that 75% of the product stream is p-xylene, the NPV becomes 
significantly less negative at NPV of  -$299 million. If the product stream composes almost 
entirely of p-xylene, the NPV becomes -$203 million, but does not become positive.  
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 Figure 14 shows the change in NPV when varying the composition of product stream. 
The change in NPV was calculated by subtracting the current NPV (with 68% p-xylene in 
product stream) from the newly calculated NPV with a different percentage of p-xylene in the 
product stream. As percentage of p-xylene in the product stream increases, the change in NPV 
becomes positive as expected. The change in NPV was calculated to examine whether a cheaper 
Parex separator, which would result in worse separation of p-xylene and mixed xylene, could be 
substituted for the current separator. The cost savings by installing a cheaper Parex separator was 
weighed against the change in NPV resulting from the decrease in percentage of p-xylene in the 
product stream. Equivalently, the change in NPV was calculated also to examine whether an 
isomerization unit should be installed, and the increase in revenue resulting from higher p-xylene 
composition in product stream would justify the cost of the isomerization unit. The maximum 
dollar amount the project could afford to spend on the cheaper Parex process and the 
isomerization unit was determined by equating the NPV and IRR with the current process.  
 The following table shows the maximum cost of new Parex unit given different p-xylene 
yields. Currently, the Parex unit costs $123,975,000. If the p-xylene composition in product 
stream decreases to 48%, the change in NPV is $82,503,000. This implies the cost savings for a 
new Parex process should be more than $82,503,000 to justify installation of a cheaper Parex 
process. Consequently, the new Parex unit should cost less than $123,975,000 - $82,503,000 = $ 
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Scenarios (Percentage of 
Current p-Xylene Yield) 
p-Xylene Composition 
in Product Stream (%) 
Maximum Cost for New Parex 
Unit  ($ million) 
70% 0.48 $     41.5 
80% 0.54 $    69.0 
90% 0.61 $     96.5 
 
 Similarly, the following table shows the maximum cost of isomerization unit given 
different p-xylene yields. If the p-xylene composition in product stream increases to 99%, the 
change in NPV is $123,755,000. This implies the cost for a new isomerization unit should be less 
than $123,755,000 to justify installation of an isomerization unit.  
Scenarios (Percentage of 
Current p-Xylene Yield) 
p-Xylene Composition 
in Product Stream (%) 
Maximum Cost for Isomerization 
Unit    ($ million) 
110% 75 $      27.5 
120% 82 $      55.7 
130% 88 $      82.5 
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Assumptions for Economic Analysis 
 
Tax Rate: The tax rate for the process was assumed at a standard rate of 40%. 
Cost of Capital: The cost of capital in the project was assumed as 20% when calculating the net 
present value of the project to be consistent with the target IRR of 20%. However, the cost of 
capital may vary due to the company’s capital structure and its ability to readily access the credit 
market.  
Tax Credit: When conducting the economic analysis, the company was assumed to be profitable 
for the entire length of operation and would therefore bear no tax credits or carry-over-losses.  
Operating Times: The plant was assumed to operate 330 days annually for 24 hours a day. 
Furthermore, the first year production was assumed as 100% of the full production capacity.  
Salvage Value: Given the highly specific nature of the equipments and the long operating length 
of 15 years, there was assumed to be no salvage value in the plants.  
  




































VI)  OTHER IMPORTANT CONSIDERATIONS 
Environmental Considerations 
This process produces a significant 61,000 lb of waste water per hour of operation.  
Therefore, considerations in the treatment of wastewater must be taken into account.  Since this 
wastewater is not required anywhere in our process, it must be ultimately disposed of in a nearby 
natural water sink.  Since our plant is located on the gulf coast, this water sink will likely be the 
Gulf of Mexico.  Due to the large number of chemical processing plants in this region, 
wastewater treatment is conducted in relative abundance.  Therefore, we must partner with a 
contractor to treat our wastewater.  According to capital cost analysis, the cost to treat 1380 
gallons per minute of wastewater is $9.0 million.  This has been incorporated into the economic 
considerations of this project.  In addition, our process consumes a very large amount of energy 
that is almost exclusively produced by burning natural gas.  However, other hydrocarbon 
products produced in our process will be used for their heating value as well.  These parts of our 
process will Our process has been specified so that it does not produce NOx emissions, which 
begin to pose environmental concerns at 1500
o
F [22].  Other emissions considerations, such as 
those for CO2, unconsumed hydrocarbons, and other greenhouse gasses, must be followed.  
Government permits for all emissions must be obtained and strictly followed. 
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Health and Safety Considerations 
Virtually all pieces of equipment and streams in this process include highly flammable 
gaseous and volatile liquid hydrocarbons.  Considering the conditions that this plant will be run 
at, attention must be paid to the significant risk of explosion or fire that may cause a hazard to 
personnel and to the plant.  Operators and controllers must be highly trained and operate under a 
high degree of caution to avoid unnecessary risk and danger to human life.  Additionally, due to 
the relatively low pressures of reactors, all process equipment must be inspected on a regular 
basis for leaks.  Other hazardous chemicals involved in this plant, such as methanol, must be 
handled with caution as well.  Material Safety Data Sheets (MSDS) for each component is 
located in Appendix G.   Several components, for example, are carcinogenic and so must be 
handled with care – the MSDS must be carefully reviewed during operation of the plant. 
  




 A plant as large as the one proposed in this project requires a substantial amount of time 
to achieve the appropriate steady state conditions prior to running these reactors.  All of the heat 
exchangers must be preheated and the reactors brought up to optimal temperature to ensure that 
the products desired will be produced and no undesired product is inadvertently kept in the 
system.  In addition, separation columns must be run at steady state to ensure that hazardous 
products are not taken out in the purge stream or products are not left cycling in the system.  
Methanol must be delivered via a pipeline from an adjacent plant due to the scale at which it is 
used in the process.   In addition, a pipeline must deliver natural gas to the proposed plant for the 
same reason.  The cost of startup, Cstartup, is estimated at 10% of the total depreciable cost.  It 
should take about 10%-40% of construction time [21].  
In addition, heat integration presents another concern during startup. For all reboilers, 




 This process will require several control devices, valves, and instrumentation that will 
force pressure drops throughout this process. These pressure drops are accounted for by the 
valves in the flowsheet, but specific instrumentation is not implemented. The proposed project 
does not consider controllability.  However, if the process were to be taken to a pilot plant, 
consideration of control systems, valves, and instrumentation would have to be taken into 
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VII)  CONCLUSIONS AND RECOMMENDATIONS 
Conclusions 
After a thorough analysis and evaluation of this three stage process of producing BTX 
from natural gas, we have concluded that this process is not profitable given the target internal 
rate of return of 20%. With the current design, 1 MMM lbs of p-xylene and mixed xylene is 
produced. With the total capital cost of $663,000,000 and operating cost of $400,000,000 per 
year, the internal rate of return is 5.77% with a negative net present value of $327 million.  
 Given the current global trend of low natural gas price, producing xylenes, especially p-
xylene, appeared to be an attractive venture as p-xylene is extremely important in the plastic and 
polymer industry. However, with extremely low methane conversion of 7.5% in the 
dehydrocyclization step and high cost of proprietary processes, namely Sulfolane and Parex, the 
overall process appears to be financially unattractive. Moreover, the required initial capital 
investment is $663 million and the utility cost is a staggering $291 million.  
 An overall economics and sensitivity analysis was conducted, and demonstrated that the 
IRR of the project is highly sensitive to the price of natural gas and proprietary equipment cost. 
As the price of natural gas is likely to rise in the near future, a sensitivity analysis on increasing 
natural gas price was essential. If the natural gas price increases to $0.04 per lb, the IRR becomes 
negative. Furthermore, the required investment in proprietary equipment of $217 million has a 
significant impact on the IRR. If the proprietary equipment cost is halved, the IRR more than 
doubles to 12%.  
 Based on our investigation of the plant design, we have identified three key areas that 
require further research and development in order to make this process profitable. First, a new 
catalyst should be developed to increase the conversion of methane into benzene in the 
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dehydrocyclization stage. The current conversion of 7.5% is the foremost reason this process is 
not profitable. The higher conversion would not only decrease the amount of fresh feed required, 
but also decrease the fixed costs of the compressors used in the dehydrocyclization stage and the 
utility costs of electricity required to run those compressors. Secondly, decreasing the equipment 
cost of proprietary equipment is essential as demonstrated above. Thirdly, research into lower 
operating temperature of the reactors is advised. Currently, the reactors are operating at a high 
temperature of 450-700°C, which greatly increases the utility cost as all separations are 
conducted at a significantly lower temperature.  
 Based on the economic analysis and the recommendation above, construction of the 
proposed plant to produce 1 MMM lbs of xylenes is not recommended. The IRR of 5.77% and 
the negative NPV of $327 million, along with trend of increasing price of natural gas, are the 
important considerations supporting this recommendavtion. 
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Appendix A: Heat Exchanger Network (HEN) Calculations 
Design of the Heat Exchanger Network follows the Composite Curve Method: 
Outline of the Method: 
1) Find Q vs. T of individual streams 
2) Obtain the overall T vs. Q curve for both hot and cold streams 
3) Identify the pinch point 
4) Match Streams 
 
Step 1: Find Q vs. T 
In order to find Q vs. T for a given stream, Aspen can be used to adjust the temperature 
specification of a heater and record the resulting Q. Conversely, a heat capacity flow rate Ch or 
Cc can be calculated from the Aspen readout. Then: 
Q = Ch (Tin - T)  for hot streams or: 
Q = Cc (T - Tin)  for cold streams. 
Figure A.1 shows that the Aspen Q vs. T graph for Stream 10: 
 




Figure A.4: Plot of Heat Q Require to heat S-103 from 200°F to another temperature T. The reference T of 200°F is chosen 
arbitrarily. 
Figure A.1 demonstrates that for any given temperature, the vapor stream S-103 has a 
relatively constant heat capacity flow rate Cc. Cc does gradually increase with temperature 
however. This is a common trend with all gas reaction streams (S-103, S-303, and S-504) due to 
the Soave-Redlich-Kwong equation of state used in the Aspen simulation. As a consequence, 
when heating with a product stream of identical mass, Ch is always greater than Cc because given 
the minimum temperature approach, Ch is representative of a hotter stream. This fact will be 
useful in the stream matching step. 
For a stream with a phase change, like stream S-504, calculating an overall Cc is not as 
































Figure A.5: Plot of Heat Q Require to heat S-504 from 200°F to another temperature T. The reference T of 200°F is chosen 
arbitrarily. 
The kink in the graph represents a phase transition from liquid to vapor. The stream is 
also multicomponent, so the boiling temperature extends over a wide range. Rather than 
calculating a piecewise Cc, the next section will elaborate on the procedure for combining 
multiple functions of Q(T). 
 
Step 2: Obtain the overall T vs. Q curves 
In order to obtain the overall T vs. Q curve, we must first map out which streams are 
being heated/cooled at a given temperature. For the purposes of the heat exchanger network 
design, reboilers, condensers, and reactors will be treated as fixed temperature heat sources or 
sinks. The heat duty required of these streams is calculated from an Aspen report. 
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Stream T-In T-Out Hot/Cold?
R-101 1292 1292 C
R-COL-202 354 354 C
R-COL-302 217 217 C
R-COL-402 256 256 C
R-COL-403 337 337 C
R-COL-404 406 406 C
S-103 188 1292 C
S-303 105 752 C
S-403 101 302 C
S-504 232 1112 C
C-COL-202 90 90 H
C-COL-302 128 128 H
C-COL-402 182 182 H
C-COL-403 267 267 H
C-COL-404 353 353 H
R-301 752 752 H
R-501 1112 1112 H
S-106 1292 104 H
S-108 264 90 H
S-207 327 90 H
S-306 752 208 H
S-310 689 90 H
S-408 339 153 H
S-423 353 302 H
S-426 303 90 H
S-428 303 90 H  
Table A.2: Temperature ranges for streams involved in heat exchange. 
At 500°F, we see that all column reboilers and S-403 have already been heated. Every 
other cold stream is in the process of being heated. Meanwhile, both R-301 and R-501 have been 
completely cooled, but only S-106, S-306, and S-310 have begun to be cooled. All other streams 
contribute nothing to the overall Q. Alternatively, we can think in reverse because hot streams 
have a negative Q. Q becomes increasingly negative as we lower temperature. If we shift Q by 
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So, Q(T) can be written as: 
Let Tin < Tout (for cold streams). Otherwise, reverse the two temperatures. 
Q(T) = Σ Qj(T)  summing over streams j 
where Qj(T) = 0  ; T < Tin 
Qj(T) = Qj(T) - Qj(Tin) ; Tin < T < Tout 
Qj(T) = Qj(Tout) - Qj(Tin) ; T > Tout 
 
Once Q(T) is known, we can calculate Q for multiple values of T and the plot T as a 
function of Q to obtain the overall T vs. Q plot. This plot is shown below: 
 
If every stream can be approximated with a constant Cc, then: 
Qj(T) = Ccj (T - Tin)  ; Tin < T < Tout 
or 
Qj(T) = Ccj T + constant ; Tin < T < Tout 





















Q(T) = (Σ Ccj) T + constant 
In other words, for any given T, the slope of Q(T) is simply the sum of the heat capacity 
flow rates Ccj of streams that are between their temperature ranges. This recovers the temperature 
interval method proposed by Linnhoff et al. 
 
Step 3: Identify the pinch point 
For the purposes of designing the heat exchanger network, the minimum approach 
temperature will be treated as 10°F. This does not account for the variation in MTA suggested by 
Sieder et al. for different temperature ranges. However, the exact numerics of the HEN design 
need not hold: only the design. 
Once both hot and cold T vs. Q plots are obtained, they may be shifted horizontally until 
the closest vertical distance between them is 10°F. Figure A.3 demonstrates the completion of 
this process. 
From Figure A.3 we can see that the pinch point occurs around 335°F. The pinch point 
always occurs at the origin of a stream and the closest stream is R-COL-403 at 337°F. Therefore, 
this is the pinch point. 
 
Step 4: Stream matching 
Identify the streams above and below the pinch point. Connect streams so that no heating 
is done below the pinch and no cooling is done above. This represents the minimum utility 
requirements of the process. Care must be taken to make sure that the minimum temperature 
approach is not crossed. For streams leaving above the pinch, the cold stream will heat faster 
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than the hot stream (recall that Cc < Ch for the SRK equation of state), so hot streams must 
expend their energy close to the pinch elsewhere, like R-COL-403, which acts as a good heat 
sink. This problem does not occur below the pinch, but one must watch out for phase transitions. 
Aspen helps greatly for simulating heat exchange involving phase transitions. For streams above 
the pinch, this is not as great of a concern, an heat capacity methods may be used. One such hand 
calculation is shown at the end of Appendix A on page 229. 
1) For cold stream S-103: 
We want to match it with reactor effluent hot stream S-106 (for physical reasons): 
 
337°F --> S-103 --> 1292°F 
347°F <-- S-106 <-- 1292°F 
 
Taking the average Cc and Ch given by Aspen, we find that: 
Cc = 5.31 million BTU / °F 
Ch = 5.36 million BTU / °F 
 
Using a minimum temperature approach of 10°F, the cold outlet temperature is 1282°F 
The Q required to reach this temperature is: 
Q = 5.31*10
6
 (1292-337) = 5.0*10
9
 BTU 
This is exactly the specification given for heat exchanger H-602! 
 
One notes that stream S-103 still requires 10°F, or 53.1 million BTU of additional heating in 
order to get up to temperature. This is taken as hot utilities. 









 = 356°F 
 
To cool down to the pinch will take another 9°F or: 
Q = 5.36*10
6
 * 9 = 47.8 million BTU which can be given to R-COL-403. 
 
After conducting multiple stream matching and ensuring that heat sources and sinks are 
not oversaturated, the final heat exchanger network is designed. It is presented again on the next 
page. The dashed line marks the pinch point of the hot streams if an appropriate MTA of 20°F is 
used for moderate temperatures. 
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  Hand Sketch 1 
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Appendix B: Distillation Column Sizing and Sequence Optimization 
 
 Distillation columns were optimized using the heuristic described in the optimum reflux 
ratio and number of stages file to find the optimal number of stages and molar reflux ratio. The 
following sample calculation was done on distillation column COL-402, which separates 
benzene from aromatics mixture stream S-409. Minimum number of stages for COL-402 was 
calculated using a set design specification for desired separation in ASPEN and letting the reflux 
ratios vary for each simulation run. The different combinations of reflux ratio and minimum 
number of stages were plotted, and a curve of best fit was plotted as in the graph below to 
interpolate additional combinations of reflux ratio and number of stages given a set desired 
separation. A 45 degree line was drawn in the graph as to determine a point where a 45 degree 
line touches the curve in the graph. The point was selected to be the optimal reflux ratio and 
number of stages, which was 22 stages and reflux ratio of 1.3 for COL-402.  
 
 
 As the number of stages calculated above for COL-402 assumes 100% tray efficiency, 
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efficiencies. Assuming 100% tray efficiency, ASPEN was used to model the distillation columns 
as RADFRAC given the optimal reflux ratio and number of stages as calculated by method 
above. Individual tray values for viscosity, temperature, K1 value for benzene and K2 value for 
toluene was determined using ASPEN as seen in the table below. The relative volatility of 
benzene and toluene was calculated by K1/K2. The stage efficiency was calculated by the 
following correlation: 
                      (                                   )       
 
 
The stage efficiency was averaged to calculate the overall tray efficiency of COL-402, 
which was 56.0%. The tray efficiency per stage was inversed to calculate the real trays per stage, 
and the calculated real trays per stage were summed to give 40 trays, as seen in the table above. 
For other distillation columns, average overall tray efficiency of 70% was assumed, and the real 
number of trays was calculated as optimum theoretical stages divided by 70%.  





























0.311 194 1.09 0.439 2.48 52.4% 1.91 
2 0.291 202 1.33 0.544 2.45 53.5% 1.87 
3 0.280 207 1.48 0.612 2.42 54.1% 1.85 
4 0.273 209 1.58 0.657 2.40 54.6% 1.83 
5 0.270 211 1.63 0.682 2.39 54.8% 1.82 
6 0.267 212 1.65 0.695 2.38 55.0% 1.82 
7 0.266 213 1.67 0.702 2.37 55.1% 1.82 
8 0.265 214 1.67 0.708 2.36 55.2% 1.81 
9 0.264 215 1.68 0.713 2.36 55.3% 1.81 
10 0.262 217 1.69 0.722 2.35 55.4% 1.80 
11 0.261 220 1.72 0.736 2.33 55.6% 1.80 
12 0.259 224 1.76 0.761 2.31 55.8% 1.79 
13 0.256 226 1.84 0.807 2.28 56.2% 1.78 
14 0.253 229 1.88 0.828 2.27 56.4% 1.77 
15 0.250 232 1.93 0.854 2.26 56.6% 1.77 
16 0.247 235 1.99 0.886 2.24 56.9% 1.76 
17 0.243 238 2.05 0.923 2.22 57.2% 1.75 
18 0.239 242 2.12 0.964 2.20 57.5% 1.74 
19 0.236 245 2.20 1.005 2.19 57.9% 1.73 
20 0.232 249 2.27 1.049 2.17 58.2% 1.72 




0.225 256 2.53 1.205 2.10 59.1% 1.69 
      
Real Trays 39.3 
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Separation Chain Sequence: 
There were three main cases, outlined below which could be used for the 3 column 
separation chain in the alkylation part of the process. This separation chain was used to 
essentially separate benzene, toluene, and xylenes from the mixture in S-409, which contains 
benzene, toluene, xylenes, and C9s. 
Case 1, shown in Figure A1, is the direct sequence, which essentially separates the lightest 
component every single time. Therefore, benzene is separated first flowed by toluene and 
eventually xylenes.  
Case 2, shown in Figure A2, separates the benzene-toluene mixture from the xylene-C9 mixture 
and eventually separates it into the required components. 
Case 3, shown in Figure A3, is the indirect sequence which gets rid of the C9s first, then xylenes, 











Figure A1: Case 1 for the separation chain 
 
 





























Figure A3: Case 3 for the separation chain 
 
Aspen Economic Analyzer was used to cost the three separate cases shown above to select the 
most cost effective separation chain order. As expected, the direct sequence was the most cost 
effective when utilities and operating costs were taken into account, assumed operation for 15 
Section X: Appendix B 
235 
 
years.[Values displayed in Table A1]. Thus, the group decided to go ahead with the direct 
sequence as it was cheaper over a period of 15 years. 
 
Table A1: Costs acquired from the Aspen Economic Analyzer for the 3 Separation Chain Cases 
Name Case 1 Case 2 Case 3 
Total Capital Cost [USD]  $     6,407,920.00   $     6,000,160.00   $    78,801,300.00  
Total Operating Cost [USD/Year]  $     1,000,740.00   $     1,319,860.00   $       5,878,520.00  
Total Utilities Cost [USD/Year]  $           35,544.40   $           32,438.40   $             35,544.40  
Total Cost  $  21,950,000.00   $  26,285,000.00   $    16,752,000.00  
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Appendix C: Sample HTX Area Hand Calculation (H-601) 
 
For all of the heat exchangers, an overall heat transfer coefficient U was assumed based 
on Table 18.5 of Product Design and Process Design Principles.  For example, heat exchanger H-
601 was used to heat the dehydrocyclization reactor feed to the pinch with dehydrocyclization 
reactor effluent. An overall heat transfer coefficient U of 100 Btu/ft
2
-h-°F was assumed as the 
vapor hydrocarbon feed is heated by vapor aromatics effluent. Aspen Plus calculated the 
following values for inlet and outlet temperatures for the hot and cold stream: 
Th,in=  357 °F 
Th,out=  211 °F 
Tc,in=   188 °F 
Tc,out=   337 °F 
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(       )  (       )
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where     is the temperature difference between outlet temperatures and     is the 
temperature difference between inlet temperatures.  
 
Area of heat exchanger = 
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Appendix D: Sample Column Diameter & Height Calculation  
Calculating the diameter for the distillation column (COL-404): 
The method outlined below was used to calculate the diameter for all the distillation towers. 
Below is a sample calculation for one of the towers. 
From Eq 19.11 on Page 505 from Seider’s Product and Process Design Principles: 
  (
   







    (A-1) 
Where G=mass flow rate of vapor 
f = fraction of the vapor flooding velocity assumed to be 0.85 
   = downcomer area 
                                     
   = vapor flooding velocity             (






     = Parameter for towers with sieve plates (calculate from Figure 19.4 Page 505 from Seider) 




   
 
   = Foaming Factor 
    = Hole Area Factor 
   = liquid density 
   = vapor density 
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G 397,720 lb/hr 
L 271,460 lb/hr 
   44.5 lb/ft
3
 
   1.5 lb/ft
3
 
    0.23 
  12.27 dyne/cm 
    0.9 
   1 
    1 
   1.1 ft/s 
 
Substituting these values in equation A-1, the diameter of COL-404 is calculated as 10.4 ft. 
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Calculating the height for the distillation column (COL-403): 
The method outlined below applies to all distillation towers. The below method uses COL-403 
for sample calculation, and uses Tower Design Guidelines (CBE 459 by L. Fabiano) as 
reference.  
 
Number of real trays = 38 trays (calculated using method from  Appendix B).  
Tray Spacing = 18 inches = 1.5 ft 
 
Accounting for the space above the normal liquid level in the column bottom for introduction of 
vapor/liquid mixture back into the base of the column, additional height of 4 ft is added.  For all 
feed locations, height would be 3 feet to account for extra spacing for feed locations. For every 
10 real trays, there would be one manhole that is 3 feet in height. Finally, additional height of 3 ft 
will be added to allow for “disengaging” space above the top tray and reflux inlet for 
vapor/liquid disengagement.  
 
Height of COL 403 = 1.5 ft * (38 -1) trays + 4 ft + (3 ft – 1.5 ft) + (38/10) trays * (3ft – 1.5 ft) + 
3 ft  = 69.3 ft 
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Appendix E: Sample Reactor Design Calculation (R-301) 
 
Reactors R-101, R-301, and R-501 were sized and designed according to the following 
sample calculation with R-301. The reactors were designed as fixed bed catalytic reactor, and 
modeled as plug flow reactors. The operating conditions specified for reactors constrained the 
mass of the catalyst needed in the reactor, and therefore determined the volume of the catalyst 
reactors. The adiabatic temperature rise was calculated to ensure it would not increase or 
decrease beyond the specified temperature tolerance range inside the reactors. If the adiabatic 
temperature rise was beyond the temperature tolerance range, the reactors were modeled as fixed 
bed catalytic reactors with interstage cooling or heating.  
 
Catalyst Mass Calculation 
R-301 has specified operating conditions of temperature of 400°C, pressure of 1 atm, and 
weight hour space velocity (WHSV) of 1.3 per hour. Since the mass of the feed into the reactor is 
3.22*10
5
 lb/hr, mass of catalyst necessary in the reactor was calculated as followed. 
                 
                     
    
 
        
   
            
 
Reactor Volume Calculation 
The density of catalyst H-beta needed in R-301 was assumed to be the same as the 
density of ZSM-5, which is 2000 kg/m
3
, according to a paper by Popescu. The minimum volume 
of the catalyst was calculated using the density of the catalyst and the mass of catalyst required, 
which was found above.  
               
                
                   
 
                   
          
         




Adiabatic Temperature Rise Calculation 
Assuming the reactors will be operated adiabatically to decrease operating cost, adiabatic 
temperature rise (ATR) in the R-301 was calculated as followed. Heat of reaction was calculated 
by Aspen Plus, and the specific heat of the inlet stream was calculated in Aspen Plus by running 
a sensitivity analysis on heat duty and temperature rise.  
    
(                                                       )                 
                                               
 ((
             
   
 
        
     
   
)        
   
                
) (
           
   
      
   
       
)   261°F = 127 °C 
 
Number of Reactors Calculation 
The adiabatic temperature rise of 127 °C calculated above is greater than the specified 
temperature tolerance range of 50°C, above which conversions and selectivity of H-beta catalyst 
would change significantly. The reactor would therefore need to be divided into several reactors 
with interstage cooling in between. The number of reactors needed was calculated by the 
temperature tolerance range, heat duty needed for increasing the inlet stream by temperature 
tolerance as calculated by Aspen Plus, and the total heat of reaction.  
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Length and Diameter Calculation 
The length and diameter of the reactors were calculated so that the pressure drop within the 
reactor was constrained to 5 psi. Using the calculated fluid viscosity of 0.0447 lb/ft
2
 and density 
of 0.0687 lb/ft
3
of the feed stream from Aspen Plus, void fraction of 0.55 for H-beta catalyst, and 
catalyst particle diameter of 5mm, the length of the reactor 12.04 ft was calculated by goalseek in 
Excel using the Ergun equation. 
 
 As the required reactor volume was calculated above, the diameter was found as follows.  
                    √
                 
                   
 √
       
         
 √
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Appendix F: Sample Aspen Plus Simulation Results 
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Sample Reactor Block Report: R-101 
BLOCK:  R-101    MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAM:          S-105    
   OUTLET STREAM:         S-106    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE 
DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         533288.       541087.       7799.14       0.00000     
   MASS(LB/HR   )        0.486280E+07  0.486280E+07               -0.191520E-
15 
   ENTHALPY(BTU/HR  )   -0.137708E+10 -0.845160E+09               -0.386267     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.653853E+08  LB/HR            
    PRODUCT STREAMS CO2E         0.604872E+08  LB/HR            
    NET STREAMS CO2E PRODUCTION -0.489810E+07  LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION       -0.489810E+07  LB/HR            
 
                          ***  INPUT DATA  *** 
   STOICHIOMETRY MATRIX: 
 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     METHA-01  -2.00    ETHYL-01   1.00    HYDRO-01   2.00     
 
    REACTION #   2: 
     SUBSTREAM MIXED   : 
     BENZENE    1.00    METHA-01  -6.00    HYDRO-01   9.00     
 
    REACTION #   3: 
     SUBSTREAM MIXED   : 
     NAPHT-01   1.00    METHA-01  -10.0    HYDRO-01   16.0     
 
 
   REACTION CONVERSION SPECS: NUMBER=    3 
     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:METHA-01 CONV FRAC: 0.1425E-01 
     REACTION #   2: 
     SUBSTREAM:MIXED    KEY COMP:METHA-01 CONV FRAC: 0.5400E-01 
     REACTION #   3: 





   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                               1,292.00        
   SPECIFIED PRESSURE    PSIA                               43.5113      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
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   SIMULTANEOUS REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    1292.0     
   OUTLET PRESSURE       PSIA                                 43.511     
   HEAT DUTY             BTU/HR                              0.53192E+09 




   HEAT OF REACTIONS: 
 
     REACTION          REFERENCE          HEAT OF  
     NUMBER            COMPONENT          REACTION 
                                           BTU/LBMOL        
      1                   METHA-01           43329.     
      2                   METHA-01           37981.     
      3                   METHA-01           38516.     
 
   REACTION EXTENTS: 
 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        LBMOL/HR         
      1                  1148.7     
      2                  1451.0     
      3                  120.92     
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      BENZENE          0.30727E-02    0.15435        0.30727E-02     67.468     
      NAPHT-01         0.22428E-03    0.34881E-01    0.22428E-03     21.694     
      CARBO-01         0.30401E-01    0.13363E-01    0.30401E-01     7750.1     
      METHA-01         0.27539        0.33388        0.27539         2811.4     
      ETHYL-01         0.42171E-01    0.64795E-01    0.42171E-01     2215.6     
      NITRO-01         0.76587E-02    0.61200E-02    0.76587E-02     4266.3     
      HYDRO-01         0.63914        0.54514E-01    0.63914         40032.     
      2:2:3-01         0.19422E-02    0.33810        0.19422E-02     19.279     
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Sample Distillation Block Report: COL-402 
 
 BLOCK:  COL-402  MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - S-409    STAGE  13 
    OUTLETS  - S-410    STAGE   1 
               S-413    STAGE  22 
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            5955.67         5955.67        0.610843E-15 
       MASS(LB/HR   )            551473.         551473.        0.797216E-09 
       ENTHALPY(BTU/HR  )       0.447444E+08    0.669531E+08   -0.331705     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             117.131      LB/HR            
    PRODUCT STREAMS CO2E          117.131      LB/HR            
    NET STREAMS CO2E PRODUCTION  0.183324E-05  LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            




                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                        22 
    ALGORITHM OPTION                                      STANDARD     
    ABSORBER OPTION                                       NO       
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        BROYDEN  
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
 
   ****   COL-SPECS   **** 
 
    MOLAR VAPOR DIST / TOTAL DIST                            0.0         
    MOLAR REFLUX RATIO                                       1.30000     
    REBOILER DUTY                  BTU/HR                    0.783300+08 
 
   ****    PROFILES   **** 
 
    P-SPEC          STAGE   1  PRES, PSIA                   14.6959      
 
                          ******************* 
Section X: Appendix F 
247 
 
                          ****  RESULTS  **** 
                          ******************* 
 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  S-410        S-413    
    COMPONENT: 
    BENZENE     .93469       .65312E-01 
    TOLUENE     .13586       .86414     
    P-XYL-01    .38027E-04   .99996     
    M-XYL-01    .30203E-03   .99970     
    O-XYL-01    .32711E-05   1.0000     
    N-PEN-01    1.0000       .43461E-07 
    1:3:5-01    .47218E-09   1.0000     
    METHANOL    1.0000       .81168E-12 
    NAPHT-01    0.0000       1.0000     
    WATER       1.0000       0.0000     
    CARBO-01    1.0000       .30156E-13 
    METHA-01    1.0000       0.0000     
    ETHYL-01    1.0000       .33225E-13 
    NITRO-01    1.0000       0.0000     
    2:2:3-01    .16882E-04   .99998     
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
 
    TOP STAGE TEMPERATURE          F                       181.641       
    BOTTOM STAGE TEMPERATURE       F                       255.987       
    TOP STAGE LIQUID FLOW          LBMOL/HR              2,288.17        
    BOTTOM STAGE LIQUID FLOW       LBMOL/HR              4,195.54        
    TOP STAGE VAPOR FLOW           LBMOL/HR                  0.0         
    BOILUP VAPOR FLOW              LBMOL/HR              5,283.68        
    MOLAR REFLUX RATIO                                       1.30000     
    MOLAR BOILUP RATIO                                       1.25936     
    CONDENSER DUTY (W/O SUBCOOL)   BTU/HR                   -0.561213+08 
    REBOILER DUTY                  BTU/HR                    0.783300+08 
 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    DEW POINT                       0.44460E-08  STAGE= 17 
    BUBBLE POINT                    0.41643E-08  STAGE= 17 
    COMPONENT MASS BALANCE          0.16866E-07  STAGE=  8 COMP=1:3:5-01 
    ENERGY BALANCE                  0.59047E-08  STAGE= 21 
 
 
   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             BTU/LBMOL          HEAT DUTY 
       F             PSIA           LIQUID       VAPOR        BTU/HR   
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   1   181.64        14.696        20914.       29931.      -.56121+08 
   2   194.70        14.836        18672.       34777.                 
  11   217.43        16.096        14384.       31765.                 
  12   219.97        16.236        13579.       31602.                 
  13   224.05        16.376        12157.       31315.                 
  14   226.31        16.516        11900.       31013.                 
  18   238.60        17.076        10378.       28428.                 
  19   241.95        17.216        9968.3       27648.                 
  20   245.32        17.356        9510.9       26879.                 
  21   249.30        17.496        8799.1       26061.                 
  22   255.99        17.636        7184.2       24906.       .78330+08 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LBMOL/HR                   LBMOL/HR                 LBMOL/HR 
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  4048.      0.000                                     1760.1295           
   2  2259.      4048.                                                         
  11  2167.      3947.                                                         
  12  2132.      3927.                                                         
  13  9456.      3892.      5955.6682                                          
  14  9465.      5261.                                                         
  18  9507.      5298.                                                         
  19  9518.      5311.                                                         
  20  9518.      5323.                                                         
  21  9479.      5323.                                                         
  22  4196.      5284.                                     4195.5387           
 
    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LB/HR                      LB/HR                    LB/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.3293E+06  0.000                                     .14319+06           
   2 0.1901E+06 0.3293E+06                                                     
  11 0.1929E+06 0.3368E+06                                                     
  12 0.1916E+06 0.3361E+06                                                     
  13 0.8634E+06 0.3347E+06  .55147+06                                          
  14 0.8674E+06 0.4551E+06                                                     
  18 0.8897E+06 0.4752E+06                                                     
  19 0.8957E+06 0.4814E+06                                                     
  20 0.9011E+06 0.4874E+06                                                     
  21 0.9053E+06 0.4928E+06                                                     
  22 0.4083E+06 0.4971E+06                                 .40828+06           
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     BENZENE       TOLUENE       P-XYL-01      M-XYL-01      O-XYL-01 
      1    0.76209       0.23605       0.18839E-04   0.47601E-04   0.24768E-
06 
      2    0.56888       0.43073       0.87245E-04   0.18774E-03   0.14357E-
05 
     11    0.29258       0.63955       0.43585E-01   0.18903E-01   0.40053E-
02 
     12    0.28464       0.60001       0.73923E-01   0.27509E-01   0.85039E-
02 
     13    0.27130       0.53764       0.11570       0.38134E-01   0.16799E-
01 
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     14    0.24920       0.55792       0.11684       0.38640E-01   0.16933E-
01 
     18    0.12368       0.67164       0.12409       0.41895E-01   0.17752E-
01 
     19    0.92332E-01   0.69728       0.12776       0.43364E-01   0.18138E-
01 
     20    0.64715E-01   0.71251       0.13586       0.46126E-01   0.19089E-
01 
     21    0.41422E-01   0.70259       0.15688       0.52325E-01   0.22138E-
01 
     22    0.22340E-01   0.62988       0.20783       0.66098E-01   0.31765E-
01 
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     N-PEN-01      1:3:5-01      METHANOL      NAPHT-01      WATER    
      1    0.36350E-03   0.46507E-10   0.97577E-03   0.69955E-22   0.18850E-
03 
      2    0.52007E-04   0.60166E-09   0.50975E-04   0.42871E-20   0.16117E-
05 
     11    0.21293E-04   0.12024E-02   0.19390E-04   0.76309E-08   0.55006E-
06 
     12    0.21227E-04   0.51327E-02   0.19072E-04   0.14751E-06   0.54119E-
06 
     13    0.21044E-04   0.19969E-01   0.18517E-04   0.25915E-05   0.52451E-
06 
     14    0.44522E-05   0.20043E-01   0.13400E-05   0.25919E-05   0.56472E-
08 
     18    0.70338E-08   0.20491E-01   0.27993E-10   0.25964E-05   0.54571E-
16 
     19    0.13094E-08   0.20671E-01   0.17474E-11   0.25983E-05   0.49363E-
18 
     20    0.23719E-09   0.21209E-01   0.10565E-12   0.26077E-05   0.43125E-
20 
     21    0.41497E-10   0.24087E-01   0.61577E-14   0.27295E-05   0.36282E-
22 
     22    0.66276E-11   0.41321E-01   0.33227E-15   0.57347E-05   0.28682E-
24 
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     CARBO-01      METHA-01      ETHYL-01      NITRO-01      2:2:3-01 
      1    0.46864E-04   0.16078E-03   0.57056E-04   0.90453E-07   0.30794E-
07 
      2    0.11287E-05   0.12134E-05   0.12684E-05   0.99710E-10   0.14883E-
06 
     11    0.53467E-06   0.50704E-06   0.62892E-06   0.42820E-10   0.12879E-
03 
     12    0.54164E-06   0.50793E-06   0.64347E-06   0.43003E-10   0.23918E-
03 
     13    0.55067E-06   0.50715E-06   0.66529E-06   0.43122E-10   0.41553E-
03 
     14    0.25483E-07   0.62815E-08   0.30647E-07   0.81339E-13   0.41923E-
03 
     18    0.12070E-12   0.12863E-15   0.14748E-12   0.94947E-24   0.44249E-
03 
     19    0.56699E-14   0.14760E-17   0.70167E-14   0.17118E-26   0.45388E-
03 
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     20    0.26726E-15   0.16666E-19   0.33632E-15   0.30573E-29   0.48021E-
03 
     21    0.12653E-16   0.18493E-21   0.16305E-16   0.54085E-32   0.55560E-
03 
     22    0.59289E-18   0.19885E-23   0.79529E-18   0.94244E-35   0.76524E-
03 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     BENZENE       TOLUENE       P-XYL-01      M-XYL-01      O-XYL-01 
      1    0.83527       0.10432       0.31563E-05   0.90003E-05   0.31972E-
07 
      2    0.76209       0.23605       0.18839E-04   0.47601E-04   0.24768E-
06 
     11    0.50452       0.47285       0.13597E-01   0.70219E-02   0.10082E-
02 
     12    0.50302       0.45870       0.24058E-01   0.10452E-01   0.22102E-
02 
     13    0.50055       0.43542       0.40502E-01   0.15090E-01   0.46583E-
02 
     14    0.46986       0.46407       0.42225E-01   0.15831E-01   0.48633E-
02 
     18    0.26408       0.65123       0.53650E-01   0.20893E-01   0.62087E-
02 
     19    0.20373       0.70464       0.57948E-01   0.22776E-01   0.66818E-
02 
     20    0.14750       0.75040       0.64651E-01   0.25444E-01   0.73969E-
02 
     21    0.98117E-01   0.77765       0.79140E-01   0.30383E-01   0.90979E-
02 
     22    0.56574E-01   0.76033       0.11642       0.41388E-01   0.14494E-
01 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     N-PEN-01      1:3:5-01      METHANOL      NAPHT-01      WATER    
      1    0.22363E-02   0.25770E-11   0.16416E-01   0.80144E-24   0.17450E-
01 
      2    0.36350E-03   0.46507E-10   0.97577E-03   0.69955E-22   0.18850E-
03 
     11    0.17390E-03   0.14813E-03   0.44597E-03   0.20681E-09   0.84365E-
04 
     12    0.17468E-03   0.66345E-03   0.44806E-03   0.42106E-08   0.84792E-
04 
     13    0.17601E-03   0.28116E-02   0.45171E-03   0.80800E-07   0.85540E-
04 
     14    0.37828E-04   0.29390E-02   0.33284E-04   0.84623E-07   0.94282E-
06 
     18    0.65853E-07   0.37683E-02   0.77784E-09   0.10958E-06   0.10423E-
13 
     19    0.12585E-07   0.40362E-02   0.50105E-10   0.11745E-06   0.97678E-
16 
     20    0.23362E-08   0.43942E-02   0.31245E-11   0.12616E-06   0.88273E-
18 
     21    0.41892E-09   0.53557E-02   0.18866E-12   0.14295E-06   0.77116E-
20 
     22    0.69186E-10   0.10403E-01   0.10783E-13   0.34314E-06   0.64865E-
22 
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                         ****   MOLE-Y-PROFILE     **** 
   STAGE     CARBO-01      METHA-01      ETHYL-01      NITRO-01      2:2:3-01 
      1    0.19188E-02   0.19695E-01   0.26105E-02   0.77153E-04   0.50171E-
08 
      2    0.46864E-04   0.16078E-03   0.57056E-04   0.90453E-07   0.30794E-
07 
     11    0.21191E-04   0.71978E-04   0.25786E-04   0.40360E-07   0.37103E-
04 
     12    0.21301E-04   0.72346E-04   0.25921E-04   0.40566E-07   0.71077E-
04 
     13    0.21490E-04   0.72988E-04   0.26154E-04   0.40929E-07   0.13103E-
03 
     14    0.98985E-06   0.91162E-06   0.11959E-05   0.77513E-10   0.13663E-
03 
     18    0.46168E-11   0.19748E-13   0.55893E-11   0.93417E-21   0.17390E-
03 
     19    0.21604E-12   0.23023E-15   0.26398E-12   0.16995E-23   0.18755E-
03 
     20    0.10139E-13   0.26395E-17   0.12547E-13   0.30611E-26   0.20846E-
03 
     21    0.47745E-15   0.29800E-19   0.60080E-15   0.54671E-29   0.25553E-
03 
     22    0.22229E-16   0.33019E-21   0.28621E-16   0.96957E-32   0.38914E-
03 
 
                         ****   K-VALUES           **** 
   STAGE     BENZENE       TOLUENE       P-XYL-01      M-XYL-01      O-XYL-01 
      1     1.0960       0.44192       0.16754       0.18908       0.12909     
      2     1.3396       0.54803       0.21593       0.25354       0.17252     
     11     1.7244       0.73934       0.31197       0.37147       0.25171     
     12     1.7672       0.76448       0.32544       0.37993       0.25990     
     13     1.8450       0.80987       0.35006       0.39572       0.27729     
     14     1.8855       0.83180       0.36138       0.40972       0.28721     
     18     2.1351       0.96961       0.43234       0.49871       0.34976     
     19     2.2065        1.0106       0.45357       0.52522       0.36838     
     20     2.2792        1.0532       0.47585       0.55163       0.38749     
     21     2.3687        1.1068       0.50448       0.58066       0.41096     
     22     2.5324        1.2071       0.56018       0.62616       0.45628     
 
                         ****   K-VALUES           **** 
   STAGE     N-PEN-01      1:3:5-01      METHANOL      NAPHT-01      WATER    
      1     6.1522       0.55411E-01    16.824       0.11456E-01    92.573     
      2     6.9894       0.77298E-01    19.142       0.16317E-01    116.96     
     11     8.1669       0.12319        23.000       0.27102E-01    153.38     
     12     8.2288       0.12926        23.493       0.28545E-01    156.68     
     13     8.3638       0.14080        24.395       0.31179E-01    163.09     
     14     8.4964       0.14664        24.840       0.32648E-01    166.95     
     18     9.3624       0.18390        27.787       0.42205E-01    191.00     
     19     9.6113       0.19526        28.674       0.45203E-01    197.88     
     20     9.8495       0.20719        29.575       0.48379E-01    204.69     
     21     10.095       0.22234        30.638       0.52371E-01    212.54     
     22     10.439       0.25175        32.454       0.59836E-01    226.15     
 
                         ****   K-VALUES           **** 
   STAGE     CARBO-01      METHA-01      ETHYL-01      NITRO-01      2:2:3-01 
      1     40.945        122.50        45.753        852.97       0.16293     
      2     41.520        132.50        44.984        907.16       0.20690     
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     11     39.635        141.96        41.000        942.53       0.28809     
     12     39.326        142.43        40.283        943.33       0.29717     
     13     39.025        143.92        39.313        949.14       0.31533     
     14     38.844        145.13        39.021        952.96       0.32591     
     18     38.251        153.53        37.897        983.88       0.39299     
     19     38.103        155.98        37.622        992.81       0.41320     
     20     37.935        158.38        37.306        1001.2       0.43411     
     21     37.735        161.15        36.847        1010.8       0.45992     
     22     37.492        166.05        35.987        1028.8       0.50852     
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     BENZENE       TOLUENE       P-XYL-01      M-XYL-01      O-XYL-01 
      1    0.73173       0.26735       0.24585E-04   0.62120E-04   0.32323E-
06 
      2    0.52801       0.47157       0.11006E-03   0.23684E-03   0.18111E-
05 
     11    0.25677       0.66206       0.51988E-01   0.22547E-01   0.47775E-
02 
     12    0.24748       0.61534       0.87354E-01   0.32507E-01   0.10049E-
01 
     13    0.23210       0.54254       0.13453       0.44340E-01   0.19533E-
01 
     14    0.21240       0.56092       0.13536       0.44762E-01   0.19616E-
01 
     18    0.10324       0.66131       0.14078       0.47530E-01   0.20139E-
01 
     19    0.76644E-01   0.68274       0.14414       0.48924E-01   0.20464E-
01 
     20    0.53396E-01   0.69346       0.15236       0.51726E-01   0.21407E-
01 
     21    0.33878E-01   0.67782       0.17439       0.58165E-01   0.24609E-
01 
     22    0.17933E-01   0.59640       0.22674       0.72113E-01   0.34656E-
01 
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     N-PEN-01      1:3:5-01      METHANOL      NAPHT-01      WATER    
      1    0.32237E-03   0.68711E-10   0.38432E-03   0.11021E-21   0.41742E-
04 
      2    0.44585E-04   0.85927E-09   0.19408E-04   0.65292E-20   0.34500E-
06 
     11    0.17260E-04   0.16237E-02   0.69802E-05   0.10989E-07   0.11133E-
06 
     12    0.17047E-04   0.68666E-02   0.68019E-05   0.21043E-06   0.10852E-
06 
     13    0.16629E-04   0.26286E-01   0.64979E-05   0.36378E-05   0.10349E-
06 
     14    0.35051E-05   0.26286E-01   0.46849E-06   0.36250E-05   0.11101E-
08 
     18    0.54230E-08   0.26318E-01   0.95849E-11   0.35563E-05   0.10506E-
16 
     19    0.10039E-08   0.26403E-01   0.59499E-12   0.35391E-05   0.94502E-
19 
     20    0.18076E-09   0.26926E-01   0.35757E-13   0.35305E-05   0.82063E-
21 
     21    0.31349E-10   0.30313E-01   0.20659E-14   0.36630E-05   0.68437E-
23 
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     22    0.49139E-11   0.51037E-01   0.10940E-15   0.75534E-05   0.53099E-
25 
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     CARBO-01      METHA-01      ETHYL-01      NITRO-01      2:2:3-01 
      1    0.25352E-04   0.31706E-04   0.19675E-04   0.31147E-07   0.53857E-
07 
      2    0.59024E-06   0.23130E-06   0.42279E-06   0.33189E-10   0.25162E-
06 
     11    0.26437E-06   0.91389E-07   0.19823E-06   0.13477E-10   0.20588E-
03 
     12    0.26532E-06   0.90696E-07   0.20092E-06   0.13409E-10   0.37878E-
03 
     13    0.26542E-06   0.89106E-07   0.20440E-06   0.13230E-10   0.64752E-
03 
     14    0.12237E-07   0.10996E-08   0.93813E-08   0.24863E-13   0.65086E-
03 
     18    0.56763E-13   0.22051E-16   0.44213E-13   0.28423E-24   0.67279E-
03 
     19    0.26517E-14   0.25164E-18   0.20918E-14   0.50958E-27   0.68628E-
03 
     20    0.12424E-15   0.28241E-20   0.99661E-16   0.90464E-30   0.72171E-
03 
     21    0.58303E-17   0.31063E-22   0.47893E-17   0.15864E-32   0.82772E-
03 
     22    0.26814E-18   0.32781E-24   0.22927E-18   0.27130E-35   0.11189E-
02 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     BENZENE       TOLUENE       P-XYL-01      M-XYL-01      O-XYL-01 
      1    0.85471       0.12591       0.43897E-05   0.12517E-04   0.44466E-
07 
      2    0.73173       0.26735       0.24585E-04   0.62120E-04   0.32323E-
06 
     11    0.46186       0.51060       0.16918E-01   0.87368E-02   0.12544E-
02 
     12    0.45915       0.49388       0.29846E-01   0.12966E-01   0.27419E-
02 
     13    0.45463       0.46648       0.49997E-01   0.18628E-01   0.57504E-
02 
     14    0.42421       0.49423       0.51815E-01   0.19427E-01   0.59678E-
02 
     18    0.23001       0.66907       0.63511E-01   0.24734E-01   0.73499E-
02 
     19    0.17559       0.71637       0.67881E-01   0.26680E-01   0.78272E-
02 
     20    0.12582       0.75506       0.74955E-01   0.29500E-01   0.85758E-
02 
     21    0.82775E-01   0.77387       0.90744E-01   0.34838E-01   0.10432E-
01 
     22    0.46975E-01   0.74470       0.13138       0.46708E-01   0.16357E-
01 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     N-PEN-01      1:3:5-01      METHANOL      NAPHT-01      WATER    
      1    0.21137E-02   0.40576E-11   0.68907E-02   0.13457E-23   0.41181E-
02 
Section X: Appendix F 
254 
 
      2    0.32237E-03   0.68711E-10   0.38432E-03   0.11021E-21   0.41742E-
04 
     11    0.14704E-03   0.20865E-03   0.16747E-03   0.31066E-09   0.17812E-
04 
     12    0.14727E-03   0.93182E-03   0.16776E-03   0.63064E-08   0.17850E-
04 
     13    0.14766E-03   0.39293E-02   0.16829E-03   0.12042E-06   0.17918E-
04 
     14    0.31546E-04   0.40830E-02   0.12327E-04   0.12536E-06   0.19632E-
06 
     18    0.52979E-07   0.50503E-02   0.27791E-09   0.15661E-06   0.20938E-
14 
     19    0.10018E-07   0.53528E-02   0.17714E-10   0.16611E-06   0.19416E-
16 
     20    0.18407E-08   0.57677E-02   0.10933E-11   0.17659E-06   0.17366E-
18 
     21    0.32644E-09   0.69523E-02   0.65288E-13   0.19788E-06   0.15004E-
20 
     22    0.53062E-10   0.13291E-01   0.36729E-14   0.46752E-06   0.12421E-
22 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     CARBO-01      METHA-01      ETHYL-01      NITRO-01      2:2:3-01 
      1    0.11063E-02   0.41391E-02   0.95935E-03   0.28313E-04   0.93515E-
08 
      2    0.25352E-04   0.31706E-04   0.19675E-04   0.31147E-07   0.53857E-
07 
     11    0.10930E-04   0.13533E-04   0.84777E-05   0.13250E-07   0.61869E-
04 
     12    0.10954E-04   0.13562E-04   0.84973E-05   0.13279E-07   0.11818E-
03 
     13    0.10997E-04   0.13615E-04   0.85313E-05   0.13331E-07   0.21677E-
03 
     14    0.50351E-06   0.16904E-06   0.38776E-06   0.25098E-10   0.22469E-
03 
     18    0.22656E-11   0.35325E-14   0.17484E-11   0.29180E-21   0.27589E-
03 
     19    0.10491E-12   0.40753E-16   0.81713E-13   0.52530E-24   0.29443E-
03 
     20    0.48726E-14   0.46242E-18   0.38438E-14   0.93643E-27   0.32391E-
03 
     21    0.22694E-15   0.51634E-20   0.18203E-15   0.16541E-29   0.39268E-
03 
     22    0.10399E-16   0.56308E-22   0.85348E-17   0.28872E-32   0.58856E-
03 
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Sample Compressor Block Report: C-301 
 
 BLOCK:  C-301    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          S-307    
   OUTLET STREAM:         S-308    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            6616.72         6616.72         0.00000     
       MASS(LB/HR   )            389977.         389977.         0.00000     
       ENTHALPY(BTU/HR  )      -0.245980E+09   -0.230600E+09   -0.625248E-
01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             10259.4      LB/HR            
    PRODUCT STREAMS CO2E          10259.4      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                           ***  INPUT DATA  *** 
 
   ISENTROPIC CENTRIFUGAL COMPRESSOR 
    OUTLET PRESSURE  PSIA                                   39.6959      
    ISENTROPIC EFFICIENCY                                    0.72000     
    MECHANICAL EFFICIENCY                                    1.00000     
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  HP                6,044.51        
    BRAKE      HORSEPOWER REQUIREMENT  HP                6,044.51        
    NET WORK REQUIRED                  HP                6,044.51        
    POWER LOSSES                       HP                    0.0         
    ISENTROPIC HORSEPOWER REQUIREMENT  HP                4,352.05        
    CALCULATED OUTLET TEMP  F                              312.930       
    ISENTROPIC TEMPERATURE  F                              286.103       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.72000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       FT-LBF/LB                     22,096.3         
    MECHANICAL EFFICIENCY USED                               1.00000     
    INLET HEAT CAPACITY RATIO                                1.10646     
    INLET VOLUMETRIC FLOW RATE , CUFT/HR             3,994,930.          
    OUTLET VOLUMETRIC FLOW RATE, CUFT/HR             1,336,860.          
    INLET  COMPRESSIBILITY FACTOR                            0.98588     
    OUTLET COMPRESSIBILITY FACTOR                            0.96734     
    AV. ISENT. VOL. EXPONENT                                 1.07798     
    AV. ISENT. TEMP EXPONENT                                 1.09986     
    AV. ACTUAL VOL. EXPONENT                                 1.11629     
    AV. ACTUAL TEMP EXPONENT                                 1.13600     
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Sample Pump Block Report: P-302 
BLOCK:  P-302    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-311    
   OUTLET STREAM:         S-312    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE 
DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            10833.8         10833.8         0.00000     
       MASS(LB/HR   )            689223.         689223.         0.00000     
       ENTHALPY(BTU/HR  )      -0.541874E+09   -0.541773E+09   -0.185836E-
03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             10259.4      LB/HR            
    PRODUCT STREAMS CO2E          10259.4      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  44.6959      
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    2 PHASE FLASH 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                      12,453.8         
    PRESSURE CHANGE  PSI                                   35.0000      
    NPSH AVAILABLE   FT-LBF/LB                              8.71347     
    FLUID POWER  HP                                        31.7006      
    BRAKE POWER  HP                                        39.5765      
    ELECTRICITY  KW                                        29.5122      
    PUMP EFFICIENCY USED                                    0.80100     
    NET WORK REQUIRED  HP                                  39.5765      
    HEAD DEVELOPED FT-LBF/LB                               91.0696      
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Final Aspen Simulation Report 
ASPEN PLUS   PLAT: WIN32     VER: 25.0                   04/01/2013  PAGE 1    
                             ALKYLATION FLOWSHEET                                
                              RUN CONTROL SECTION                                
 
 RUN CONTROL INFORMATION                  
 ----------------------- 
 
 THIS COPY OF ASPEN PLUS LICENSED TO UNIVERSITY OF PENNSYLVAN         
 
 TYPE OF RUN: NEW  
 
 INPUT FILE NAME: _4942yfp.inm 
 
 OUTPUT PROBLEM DATA FILE NAME: _4942yfp  
 LOCATED IN:                     
 
 
 PDF SIZE USED FOR INPUT TRANSLATION: 
   NUMBER OF FILE RECORDS (PSIZE) =     0 
   NUMBER OF IN-CORE RECORDS      =   256 
 PSIZE NEEDED FOR SIMULATION    =   256 
 
 CALLING PROGRAM NAME:          apmain   
 LOCATED IN:                    C:\PROGRA~2\ASPENT~1\ASPENP~2.3\Engine\xeq 
 
 SIMULATION REQUESTED FOR ENTIRE FLOWSHEET 
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 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   04/01/2013  PAGE 2    
                             ALKYLATION FLOWSHEET                                
                               FLOWSHEET SECTION                                 
 
 FLOWSHEET CONNECTIVITY BY STREAMS        
 --------------------------------- 
 
   STREAM     SOURCE     DEST           STREAM     SOURCE     DEST 
   S-301      ----       M-301          S-215      ----       M-204    
   S-101      ----       M-101          S-502      ----       P-501    
   S-302      M-301      P-301          S-310      M-302      H-803    
   S-406      COL-401    ----           S-407      COL-401    C-401    
   S-426      COL-405    H-402          S-428      COL-405    H-403    
   S-423      COL-404    H-401          S-421      COL-404    V-406    
   S-416      COL-403    P-404          S-418      COL-403    P-405    
   S-410      COL-402    P-402          S-413      COL-402    P-403    
   S-311      H-803      P-302          S-318      COL-302    P-304    
   S-321      COL-302    P-305          S-319      P-304      V-306    
   S-322      P-305      V-307          S-212      V-203      M-301    
   S-303      P-301      H-701          S-304      H-701      V-304    
   S-305      V-304      R-301          S-308      C-301      V-302    
   S-309      V-302      M-302          S-312      P-302      V-303    
   S-313      V-303      COL-301        S-402      P-401      V-401    
   S-403      V-401      H-706C         S-411      P-402      V-404    
   S-412      V-404      M-301          S-414      P-403      V-405    
   S-415      V-405      COL-403        S-316      P-303      V-305    
   S-317      V-305      COL-302        S-320      V-306      M-301    
   PROD-WAT   V-307      ----           S-419      P-405      V-409    
   S-417      P-404      M-501          S-425      P-406      V-410    
   S-506      V-501      R-501          S-420      V-409      COL-404  
   S-431      V-410      COL-405        S-422      V-406      ----     
   S-508      V-502      M-302          PROD-N     V-209      ----     
   S-504      M-501      H-802          S-505      H-802      V-501    
   S-306      R-301      H-704          S-507      R-501      V-502    
   S-404      H-706C     V-402          S-405      V-402      COL-401  
   S-409      V-413      COL-402        S-408      C-401      H-801    
   S-430      H-801      V-413          S-424      H-401      P-406    
   S-427      H-402      V-407          S-429      H-403      V-408    
   PROD-MX    V-408      ----           PROD-PX    V-407      ----     
   S-216      M-204      COL-201        S-209      P-202      M-204    
   S-208      H-706      P-202          S-110      V-102      M-201    
   S-218      V-213R     M-203          S-203      V-201      COL-202  
   S-109      H-101      V-102          S-108      C-102      H-101    
   S-213      COL-202    C-201          S-210      COL-202    P-203    
   S-204      COL-202    P-201          S-207      COL-202    H-706    
   S-217      COL-201    V-213R         S-202      COL-201    V-201    
   S-219      M-203      M-101          PURGE      M-203      ----     
   S-102      M-101      C-101          S-106      R-101      H-602    
   S-205      P-201      V-209          S-314      COL-301    P-401    
   S-315      COL-301    P-303          S-214      C-201      M-201    
   S-211      P-203      V-203          S-103      C-101      H-601    
   S-104      H-601      V-101          S-105      V-101      R-101    
   S-201      M-201      COL-201        S-107      H-602      C-102    
   S-307      H-704      C-301          S-503      P-501      M-501    
 
 FLOWSHEET CONNECTIVITY BY BLOCKS         
 -------------------------------- 
 
   BLOCK        INLETS                         OUTLETS 
   M-301        S-212 S-301 S-412 S-320        S-302                        
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 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   04/01/2013  PAGE 3    
                             ALKYLATION FLOWSHEET                                
                               FLOWSHEET SECTION                                 
 
 FLOWSHEET CONNECTIVITY BY BLOCKS (CONTINUED)         
   M-302        S-309 S-508                    S-310                        
   COL-401      S-405                          S-406 S-407                  
   COL-405      S-431                          S-426 S-428                  
   COL-404      S-420                          S-423 S-421                  
   COL-403      S-415                          S-416 S-418                  
   COL-402      S-409                          S-410 S-413                  
   H-803        S-310                          S-311                        
   COL-302      S-317                          S-318 S-321                  
   P-304        S-318                          S-319                        
   P-305        S-321                          S-322                        
   V-203        S-211                          S-212                        
   P-301        S-302                          S-303                        
   H-701        S-303                          S-304                        
   V-304        S-304                          S-305                        
   C-301        S-307                          S-308                        
   V-302        S-308                          S-309                        
   P-302        S-311                          S-312                        
   V-303        S-312                          S-313                        
   P-401        S-314                          S-402                        
   V-401        S-402                          S-403                        
   P-402        S-410                          S-411                        
   V-404        S-411                          S-412                        
   P-403        S-413                          S-414                        
   V-405        S-414                          S-415                        
   P-303        S-315                          S-316                        
   V-305        S-316                          S-317                        
   V-306        S-319                          S-320                        
   V-307        S-322                          PROD-WAT                     
   P-405        S-418                          S-419                        
   P-404        S-416                          S-417                        
   P-406        S-424                          S-425                        
   V-501        S-505                          S-506                        
   V-409        S-419                          S-420                        
   V-410        S-425                          S-431                        
   V-406        S-421                          S-422                        
   V-502        S-507                          S-508                        
   V-209        S-205                          PROD-N                       
   M-501        S-417 S-503                    S-504                        
   H-802        S-504                          S-505                        
   R-301        S-305                          S-306                        
   R-501        S-506                          S-507                        
   H-706C       S-403                          S-404                        
   V-402        S-404                          S-405                        
   V-413        S-430                          S-409                        
   C-401        S-407                          S-408                        
   H-801        S-408                          S-430                        
   H-401        S-423                          S-424                        
   H-402        S-426                          S-427                        
   H-403        S-428                          S-429                        
   V-408        S-429                          PROD-MX                      
   V-407        S-427                          PROD-PX                      
   M-204        S-209 S-215                    S-216                        
   P-202        S-208                          S-209                        
   H-706        S-207                          S-208                        
   V-102        S-109                          S-110                        
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 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   04/01/2013  PAGE 4    
                             ALKYLATION FLOWSHEET                                
                               FLOWSHEET SECTION                                 
 
 FLOWSHEET CONNECTIVITY BY BLOCKS (CONTINUED)         
   V-213R       S-217                          S-218                        
   V-201        S-202                          S-203                        
   H-101        S-108                          S-109                        
   C-102        S-107                          S-108                        
   COL-202      S-203                          S-213 S-210 S-204 S-207      
   COL-201      S-216 S-201                    S-217 S-202                  
   M-203        S-218                          S-219 PURGE                  
   M-101        S-219 S-101                    S-102                        
   R-101        S-105                          S-106                        
   P-201        S-204                          S-205                        
   COL-301      S-313                          S-314 S-315                  
   C-201        S-213                          S-214                        
   P-203        S-210                          S-211                        
   C-101        S-102                          S-103                        
   H-601        S-103                          S-104                        
   V-101        S-104                          S-105                        
   M-201        S-110 S-214                    S-201                        
   H-602        S-106                          S-107                        
   H-704        S-306                          S-307                        
   P-501        S-502                          S-503                        
 
 CONVERGENCE STATUS SUMMARY               
 -------------------------- 
 
   TEAR STREAM SUMMARY 
   =================== 
 
 
   STREAM    MAXIMUM                   MAXIMUM     VARIABLE             CONV 
   ID        ERROR        TOLERANCE    ERR/TOL     ID             STAT  BLOCK 
   ------    -------      ---------    --------    --------       ----  ----- 
   S-207     0.13874E-13  0.99474E-13  0.13948     CARBO-01MOLEFLOW #   $OLVER01                                                                                  
   S-201     0.44485E-05  0.13298E-04  0.33453     2:2:3-01MOLEFLOW #   $OLVER01                                                                                  
   S-302     0.84618E-12  0.12381E-09  0.68346E-02 1:3:5-01MOLEFLOW #   $OLVER02                                                                                  
   S-504     0.80753E-07  0.31591E-06  0.25562     P-XYL-01MOLEFLOW #   $OLVER02                                                                                  
 
   #  = CONVERGED 
   *  = NOT CONVERGED 
 
 CALCULATOR BLOCK:   C-1                  
 ----------------------- 
 
   SAMPLED VARIABLES: 
     BENZF    : BENZENE MOLEFLOW IN STREAM S-212 SUBSTREAM MIXED     
     BENZR    : BENZENE MOLEFLOW IN STREAM S-412 SUBSTREAM MIXED     
     METHF    : METHANOLMOLEFLOW IN STREAM S-301 SUBSTREAM MIXED     
     METHR    : METHANOLMOLEFLOW IN STREAM S-320 SUBSTREAM MIXED     
 
   FORTRAN STATEMENTS: 
          METHF = BENZF + BENZR - METHR 
 
   READ VARIABLES:  BENZF     METHR     BENZR    
 
   WRITE VARIABLES: METHF    
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 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   04/01/2013  PAGE 5    
                             ALKYLATION FLOWSHEET                                
                               FLOWSHEET SECTION                                 
 
 CALCULATOR BLOCK:   C-1 (CONTINUED)                  
 
   VALUES OF ACCESSED FORTRAN VARIABLES ON MOST RECENT SIMULATION PASS: 
     VARIABLE        VALUE READ      VALUE WRITTEN    UNITS 
     --------        ----------      -------------    ----- 
     BENZF            1439.86                         LBMOL/HR         
     BENZR            1341.37                         LBMOL/HR         
     METHF            2178.12          2178.12        LBMOL/HR         
     METHR            603.112                         LBMOL/HR         
 
 CALCULATOR BLOCK:   C-2                  
 ----------------------- 
 
   SAMPLED VARIABLES: 
     METHF2   : METHANOLMOLEFLOW IN STREAM S-502 SUBSTREAM MIXED     
     TOLF     : TOLUENE MOLEFLOW IN STREAM S-506 SUBSTREAM MIXED     
 
   FORTRAN STATEMENTS: 
         METHF2 = TOLF / 2  
 
   READ VARIABLES:  TOLF     
 
   WRITE VARIABLES: METHF2   
 
   VALUES OF ACCESSED FORTRAN VARIABLES ON MOST RECENT SIMULATION PASS: 
     VARIABLE        VALUE READ      VALUE WRITTEN    UNITS 
     --------        ----------      -------------    ----- 
     METHF2           1318.76          1318.76        LBMOL/HR         
     TOLF             2637.52                         LBMOL/HR         
 
 CALCULATOR BLOCK:   C-3                  
 ----------------------- 
 
   SAMPLED VARIABLES: 
     FRESHSOL : 2:2:3-01MOLEFLOW IN STREAM S-215 SUBSTREAM MIXED     
     RSOL     : 2:2:3-01MOLEFLOW IN STREAM S-209 SUBSTREAM MIXED     
 
   FORTRAN STATEMENTS: 
         FRESHSOL = 29000 - RSOL    
 
   READ VARIABLES:  RSOL     
 
   WRITE VARIABLES: FRESHSOL 
 
   VALUES OF ACCESSED FORTRAN VARIABLES ON MOST RECENT SIMULATION PASS: 
     VARIABLE        VALUE READ      VALUE WRITTEN    UNITS 
     --------        ----------      -------------    ----- 
     FRESHSOL         450.058          450.470        LBMOL/HR         
     RSOL             28549.5                         LBMOL/HR         
Section X: Appendix F 
262 
 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   04/01/2013  PAGE 6    
                             ALKYLATION FLOWSHEET                                
                               FLOWSHEET SECTION                                 
 
 CALCULATOR BLOCK:   C-4                  
 ----------------------- 
 
   SAMPLED VARIABLES: 
     FN       : NAPHT-01MOLEFLOW IN STREAM S-203 SUBSTREAM MIXED     
     FB       : BENZENE MOLEFLOW IN STREAM S-203 SUBSTREAM MIXED     
     FSOL     : 2:2:3-01MOLEFLOW IN STREAM S-203 SUBSTREAM MIXED     
     F        : TOTAL MOLEFLOW IN STREAM S-203 SUBSTREAM MIXED   
     D        : SENTENCE=COL-SPECS VARIABLE=MOLE-D IN UOS BLOCK COL-202  
     S        : SENTENCE=PRODUCTS VARIABLE=MOLE-FLOW ID1=S-207 IN UOS BLOCK      
               COL-202  
 
   FORTRAN STATEMENTS: 
         S = FSOL*.99-50    
         D = F - FN - FSOL*.99 - FB*.01 
 
   READ VARIABLES:  FN        FB        FSOL      F        
 
   WRITE VARIABLES: D         S        
 
   VALUES OF ACCESSED FORTRAN VARIABLES ON MOST RECENT SIMULATION PASS: 
     VARIABLE        VALUE READ      VALUE WRITTEN    UNITS 
     --------        ----------      -------------    ----- 
     FN               179.968                         LBMOL/HR         
     FB               1836.69                         LBMOL/HR         
     FSOL             28949.2                         LBMOL/HR         
     F                33241.3                         LBMOL/HR         
     D                4383.23          4383.23        LBMOL/HR         
     S                28609.6          28609.7        LBMOL/HR         
 
 CONVERGENCE BLOCK:  $OLVER01             
 ---------------------------- 
     Tear Stream  :  S-207      S-201 
     Tolerance used:  0.100D-03  0.100D-03  
     Trace molefrac:  0.100D-05  0.100D-05  
  
     MAXIT=   30 WAIT   1 ITERATIONS BEFORE ACCELERATING 
     QMAX =   0.0     QMIN =  -5.0     
     METHOD: WEGSTEIN      STATUS: CONVERGED        
     TOTAL NUMBER OF ITERATIONS:    51 
     NUMBER OF ITERATIONS ON LAST OUTER LOOP:     5 
 
                          *** FINAL VALUES *** 
 
VAR#  TEAR STREAM VAR  STREAM   SUBSTREA COMPONEN ATTRIBUT ELEMENT      UNIT         
VALUE       PREV VALUE       ERR/TOL 
----  ---------------  -------- -------- -------- -------- -------- ----------- ------
------   ------------   ------------ 
   1  TOTAL MOLEFLOW   S-207    MIXED                               LBMOL/HR     
2.8610+04      2.8610+04      3.6785-02       
   2  TOTAL MOLEFLOW   S-201    MIXED                               LBMOL/HR     
5.4372+05      5.4373+05     -9.4296-03       
   3  MOLE-FLOW        S-207    MIXED    BENZENE                    LBMOL/HR        
1.0046         1.0046     -6.8462-02       
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 CONVERGENCE BLOCK:  $OLVER01 (CONTINUED)             
   4  MOLE-FLOW        S-207    MIXED    TOLUENE                    LBMOL/HR        
0.0            0.0            0.0          
   5  MOLE-FLOW        S-207    MIXED    P-XYL-01                   LBMOL/HR        
0.0            0.0            0.0          
   6  MOLE-FLOW        S-207    MIXED    M-XYL-01                   LBMOL/HR        
0.0            0.0            0.0          
   7  MOLE-FLOW        S-207    MIXED    O-XYL-01                   LBMOL/HR        
0.0            0.0            0.0          
   8  MOLE-FLOW        S-207    MIXED    N-PEN-01                   LBMOL/HR        
0.0            0.0            0.0          
   9  MOLE-FLOW        S-207    MIXED    1:3:5-01                   LBMOL/HR        
0.0            0.0            0.0          
  10  MOLE-FLOW        S-207    MIXED    METHANOL                   LBMOL/HR        
0.0            0.0            0.0          
  11  MOLE-FLOW        S-207    MIXED    NAPHT-01                   LBMOL/HR       
59.0741        59.0741      6.9568-03       
  12  MOLE-FLOW        S-207    MIXED    WATER                      LBMOL/HR        
0.0            0.0            0.0          
  13  MOLE-FLOW        S-207    MIXED    CARBO-01                   LBMOL/HR     
7.8948-06      7.8949-06        -0.1395       
  14  MOLE-FLOW        S-207    MIXED    METHA-01                   LBMOL/HR     
2.1447-09      2.1447-09      4.6175-02       
  15  MOLE-FLOW        S-207    MIXED    ETHYL-01                   LBMOL/HR     
1.2332-05      1.2332-05      8.8070-03       
  16  MOLE-FLOW        S-207    MIXED    NITRO-01                   LBMOL/HR     
6.5506-17      6.5260-17        37.8112     T 
  17  MOLE-FLOW        S-207    MIXED    HYDRO-01                   LBMOL/HR     
9.5437-33         0.0         1.0000+04     T 
  18  MOLE-FLOW        S-207    MIXED    2:2:3-01                   LBMOL/HR     
2.8550+04      2.8550+04      3.6850-02       
  19  PRESSURE         S-207    MIXED                               PSIA           
16.0959        16.0959         0.0          
  20  MASS ENTHALPY    S-207    MIXED                               BTU/LB       -
657.9113      -657.9113     -1.1224-04       
  21  MOLE-FLOW        S-201    MIXED    BENZENE                    LBMOL/HR     
2058.4227      2058.4152      3.5992-02       
  22  MOLE-FLOW        S-201    MIXED    TOLUENE                    LBMOL/HR        
0.0            0.0            0.0          
  23  MOLE-FLOW        S-201    MIXED    P-XYL-01                   LBMOL/HR        
0.0            0.0            0.0          
  24  MOLE-FLOW        S-201    MIXED    M-XYL-01                   LBMOL/HR        
0.0            0.0            0.0          
  25  MOLE-FLOW        S-201    MIXED    O-XYL-01                   LBMOL/HR        
0.0            0.0            0.0          
  26  MOLE-FLOW        S-201    MIXED    N-PEN-01                   LBMOL/HR        
0.0            0.0            0.0          
  27  MOLE-FLOW        S-201    MIXED    1:3:5-01                   LBMOL/HR        
0.0            0.0            0.0          
  28  MOLE-FLOW        S-201    MIXED    METHANOL                   LBMOL/HR        
0.0            0.0            0.0          
  29  MOLE-FLOW        S-201    MIXED    NAPHT-01                   LBMOL/HR      
121.3570       121.3569      2.0374-03       
  30  MOLE-FLOW        S-201    MIXED    WATER                      LBMOL/HR        
0.0            0.0            0.0          
  31  MOLE-FLOW        S-201    MIXED    CARBO-01                   LBMOL/HR     
1.6706+04      1.6706+04     -4.4618-02       
  32  MOLE-FLOW        S-201    MIXED    METHA-01                   LBMOL/HR     
1.5064+05      1.5064+05      4.3289-04       
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  33  MOLE-FLOW        S-201    MIXED    ETHYL-01                   LBMOL/HR     
2.3161+04      2.3161+04     -2.9030-02       
  34  MOLE-FLOW        S-201    MIXED    NITRO-01                   LBMOL/HR     
4150.2194      4150.2203     -2.2902-03       
  35  MOLE-FLOW        S-201    MIXED    HYDRO-01                   LBMOL/HR     
3.4583+05      3.4583+05     -1.2123-02       
  36  MOLE-FLOW        S-201    MIXED    2:2:3-01                   LBMOL/HR     
1055.4390      1055.4037         0.3345       
  37  PRESSURE         S-201    MIXED                               PSIA           
69.4000        69.4000         0.0          
  38  MASS ENTHALPY    S-201    MIXED                               BTU/LB      -
1441.2231     -1441.2278      3.2202-02       
 
     T - SIGNIFIES COMPONENT IS A TRACE COMPONENT 
 
                          *** ITERATION HISTORY ***  
 
     TEAR STREAMS AND TEAR VARIABLES:  
 
     ITERATION   MAX-ERR/TOL   STREAM ID      VARIABLE         SUBSTREA COMPONEN 
ATTRIBUT ELEMENT 
     ---------   -----------   ---------      ---------------- -------- -------- -----
--- ------- 
          1       1.396        S-201          MOLE-FLOW        MIXED    2:2:3-01                   
          2       2.019        S-201          MOLE-FLOW        MIXED    2:2:3-01                   
          3      -2.509        S-201          MOLE-FLOW        MIXED    2:2:3-01                   
          4       1.360        S-201          MOLE-FLOW        MIXED    2:2:3-01                   
          5      0.3345        S-201          MOLE-FLOW        MIXED    2:2:3-01                   
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 CONVERGENCE BLOCK:  $OLVER02             
 ---------------------------- 
     Tear Stream  :  S-302      S-504 
     Tolerance used:  0.100D-03  0.100D-03  
     Trace molefrac:  0.100D-05  0.100D-05  
  
     MAXIT=   30 WAIT   1 ITERATIONS BEFORE ACCELERATING 
     QMAX =   0.0     QMIN =  -5.0     
     METHOD: WEGSTEIN      STATUS: CONVERGED        
     TOTAL NUMBER OF ITERATIONS:    41 
     NUMBER OF ITERATIONS ON LAST OUTER LOOP:     7 
 
                          *** FINAL VALUES *** 
 
VAR#  TEAR STREAM VAR  STREAM   SUBSTREA COMPONEN ATTRIBUT ELEMENT      UNIT         
VALUE       PREV VALUE       ERR/TOL 
----  ---------------  -------- -------- -------- -------- -------- ----------- ------
------   ------------   ------------ 
   1  TOTAL MOLEFLOW   S-302    MIXED                               LBMOL/HR     
6616.7243      6616.7247     -6.9824-04       
   2  TOTAL MOLEFLOW   S-504    MIXED                               LBMOL/HR     
4112.5933      4112.5953     -4.9785-03       
   3  MOLE-FLOW        S-302    MIXED    BENZENE                    LBMOL/HR     
2783.2742      2783.2744     -8.1395-04       
   4  MOLE-FLOW        S-302    MIXED    TOLUENE                    LBMOL/HR      
416.9699       416.9700     -8.6357-04       
   5  MOLE-FLOW        S-302    MIXED    P-XYL-01                   LBMOL/HR        
0.2262         0.2262     -2.6041-03       
   6  MOLE-FLOW        S-302    MIXED    M-XYL-01                   LBMOL/HR        
0.1379         0.1379     -2.9373-03       
   7  MOLE-FLOW        S-302    MIXED    O-XYL-01                   LBMOL/HR     
2.3872-02      2.3872-02     -5.3709-03       
   8  MOLE-FLOW        S-302    MIXED    N-PEN-01                   LBMOL/HR        
0.6496         0.6496      4.1759-03       
   9  MOLE-FLOW        S-302    MIXED    1:3:5-01                   LBMOL/HR     
9.8261-03      9.8261-03     -6.8346-03       
  10  MOLE-FLOW        S-302    MIXED    METHANOL                   LBMOL/HR     
2782.9475      2782.9478     -8.0866-04       
  11  MOLE-FLOW        S-302    MIXED    NAPHT-01                   LBMOL/HR     
2.4552-02      2.4552-02     -2.9669-07       
  12  MOLE-FLOW        S-302    MIXED    WATER                      LBMOL/HR      
323.8141       323.8141      8.0561-04       
  13  MOLE-FLOW        S-302    MIXED    CARBO-01                   LBMOL/HR        
7.7221         7.7221     -2.7903-04       
  14  MOLE-FLOW        S-302    MIXED    METHA-01                   LBMOL/HR       
24.7327        24.7327     -1.3568-04       
  15  MOLE-FLOW        S-302    MIXED    ETHYL-01                   LBMOL/HR        
8.6157         8.6157     -1.0107-04       
  16  MOLE-FLOW        S-302    MIXED    NITRO-01                   LBMOL/HR     
1.7602-02      1.7602-02     -5.2571-04       
  17  MOLE-FLOW        S-302    MIXED    HYDRO-01                   LBMOL/HR     
1.0473-11      1.0473-11         0.0          
  18  MOLE-FLOW        S-302    MIXED    2:2:3-01                   LBMOL/HR      
267.5585       267.5585     -1.5042-07       
  19  PRESSURE         S-302    MIXED                               PSIA           
14.6959        14.6959         0.0          
  20  MASS ENTHALPY    S-302    MIXED                               BTU/LB       -
750.5091      -750.5090     -3.1483-04       
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  21  MOLE-FLOW        S-504    MIXED    BENZENE                    LBMOL/HR       
93.7287        93.7285      3.0114-02       
  22  MOLE-FLOW        S-504    MIXED    TOLUENE                    LBMOL/HR     
2637.5256      2637.5241      5.4639-03       
  23  MOLE-FLOW        S-504    MIXED    P-XYL-01                   LBMOL/HR       
25.0718        25.0725        -0.2556       
  24  MOLE-FLOW        S-504    MIXED    M-XYL-01                   LBMOL/HR       
37.1167        37.1173        -0.1820       
  25  MOLE-FLOW        S-504    MIXED    O-XYL-01                   LBMOL/HR        
0.3509         0.3509     -9.6959-02       
  26  MOLE-FLOW        S-504    MIXED    N-PEN-01                   LBMOL/HR     
2.7806-08      2.7806-08      5.7509-02       
  27  MOLE-FLOW        S-504    MIXED    1:3:5-01                   LBMOL/HR     
4.5912-04      4.5912-04     -4.9496-02       
  28  MOLE-FLOW        S-504    MIXED    METHANOL                   LBMOL/HR     
1318.7621      1318.7645     -1.8581-02       
  29  MOLE-FLOW        S-504    MIXED    NAPHT-01                   LBMOL/HR     
5.6059-15      5.6058-15      9.9953-02       
  30  MOLE-FLOW        S-504    MIXED    WATER                      LBMOL/HR        
0.0            0.0            0.0          
  31  MOLE-FLOW        S-504    MIXED    CARBO-01                   LBMOL/HR        
0.0            0.0            0.0          
  32  MOLE-FLOW        S-504    MIXED    METHA-01                   LBMOL/HR        
0.0            0.0            0.0          
  33  MOLE-FLOW        S-504    MIXED    ETHYL-01                   LBMOL/HR        
0.0            0.0            0.0          
  34  MOLE-FLOW        S-504    MIXED    NITRO-01                   LBMOL/HR        
0.0            0.0            0.0          
  35  MOLE-FLOW        S-504    MIXED    HYDRO-01                   LBMOL/HR        
0.0            0.0            0.0          
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 CONVERGENCE BLOCK:  $OLVER02 (CONTINUED)             
  36  MOLE-FLOW        S-504    MIXED    2:2:3-01                   LBMOL/HR     
3.7121-02      3.7122-02        -0.1626       
  37  PRESSURE         S-504    MIXED                               PSIA           
69.2000        69.2000         0.0          
  38  MASS ENTHALPY    S-504    MIXED                               BTU/LB       -
326.6255      -326.6263      2.6279-02       
 
                          *** ITERATION HISTORY ***  
 
     TEAR STREAMS AND TEAR VARIABLES:  
 
     ITERATION   MAX-ERR/TOL   STREAM ID      VARIABLE         SUBSTREA COMPONEN 
ATTRIBUT ELEMENT 
     ---------   -----------   ---------      ---------------- -------- -------- -----
--- ------- 
          1      -1.670        S-302          MOLE-FLOW        MIXED    CARBO-01                   
          2      -14.14        S-504          MOLE-FLOW        MIXED    P-XYL-01                   
          3      -1.784        S-504          MOLE-FLOW        MIXED    O-XYL-01                   
          4       2.937        S-504          MOLE-FLOW        MIXED    P-XYL-01                   
          5      -1.898        S-504          MOLE-FLOW        MIXED    P-XYL-01                   
          6       1.081        S-504          MOLE-FLOW        MIXED    P-XYL-01                   
          7     -0.2556        S-504          MOLE-FLOW        MIXED    P-XYL-01                   
 
 COMPUTATIONAL SEQUENCE                   
 ---------------------- 
 
 SEQUENCE USED WAS: 
    $OLVER01 H-706 P-202 C-3 M-204 COL-201 V-213R M-203 M-101 C-101 H-601   
    |  V-101 R-101 H-602 C-102 H-101 V-102 V-201 C-4 COL-202 C-201 M-201    
    (RETURN $OLVER01)                                                       
    P-201 V-209 P-203 V-203                                                 
    $OLVER02 H-802 V-501 *R-501 V-502 C-2 P-501 P-301 H-701 V-304 R-301     
    |  H-704 C-301 V-302 M-302 H-803 P-302 V-303 COL-301 P-401 V-401 H-706C 
    |  V-402 COL-401 C-401 H-801 V-413 COL-402 P-402 V-404 P-403 V-405      
    |  COL-403 P-404 M-501 P-303 V-305 COL-302 P-304 V-306 C-1 M-301        
    (RETURN $OLVER02)                                                       
    P-405 V-409 COL-404 H-401 P-406 V-410 COL-405 H-402 V-407 H-403 V-408   
    V-406 P-305 V-307                                                       
 
 OVERALL FLOWSHEET BALANCE                
 ------------------------- 
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   CONVENTIONAL COMPONENTS   
           (LBMOL/HR) 
      BENZENE             0.00000       12.5731       12.5802      0.569881E-03 
      TOLUENE             0.00000       11.2802       11.2811      0.739897E-04 
      P-XYL-01            0.00000       864.665       864.665     -0.930004E-06 
      M-XYL-01            0.00000       245.863       245.862     -0.295887E-05 
      O-XYL-01            0.00000       135.642       135.642     -0.209060E-06 
      N-PEN-01            0.00000       52.6768       52.6768     -0.187190E-06 
      1:3:5-01            0.00000       176.903       176.903     -0.183523E-06 
      METHANOL            3496.88       142.881      -3354.00     -0.698787E-06 
      NAPHT-01            0.00000       120.917       120.917      0.544322E-06 
      WATER               0.00000       3409.88       3409.88      0.292355E-06 
      CARBO-01            828.853       828.927       0.00000     -0.899229E-04 
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 OVERALL FLOWSHEET BALANCE (CONTINUED)                
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   CONVENTIONAL COMPONENTS   
           (LBMOL/HR) 
      METHA-01            19685.3       7472.63      -12212.6      0.331054E-06 
      ETHYL-01            0.00000       1148.78       1148.71     -0.585300E-04 
      NITRO-01            207.213       207.214       0.00000     -0.458704E-05 
      HYDRO-01            0.00000       17291.5       17291.1     -0.242459E-04 
      2:2:3-01            450.470       450.292     -0.371219E-01  0.311809E-03 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         24668.7       32572.7       7903.59     -0.125867E-04 
   MASS(LB/HR   )         534231.       534216.                    0.270780E-04 
   ENTHALPY(BTU/HR  )   -0.118824E+10 -0.829723E+09               -0.301721     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.793162E+07  LB/HR            
    PRODUCT STREAMS CO2E         0.303352E+07  LB/HR            
    NET STREAMS CO2E PRODUCTION -0.489810E+07  LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION       -0.489810E+07  LB/HR            
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 COMPONENTS                               
 ---------- 
 
  ID       TYPE  ALIAS          NAME 
   BENZENE  C     C6H6           BENZENE                          
   TOLUENE  C     C7H8           TOLUENE                          
   P-XYL-01 C     C8H10-3        P-XYLENE                         
   M-XYL-01 C     C8H10-2        M-XYLENE                         
   O-XYL-01 C     C8H10-1        O-XYLENE                         
   N-PEN-01 C     C5H12-1        N-PENTANE                        
   1:3:5-01 C     C9H12-8        1,3,5-TRIMETHYLBENZENE           
   METHANOL C     CH4O           METHANOL                         
   NAPHT-01 C     C10H8          NAPHTHALENE                      
   WATER    C     H2O            WATER                            
   CARBO-01 C     CO2            CARBON-DIOXIDE                   
   METHA-01 C     CH4            METHANE                          
   ETHYL-01 C     C2H4           ETHYLENE                         
   NITRO-01 C     N2             NITROGEN                         
   HYDRO-01 C     H2             HYDROGEN                         
   2:2:3-01 C     C10H22-3       2,2,3,3-TETRAMETHYLHEXANE        
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 BLOCK:  C-101    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          S-102    
   OUTLET STREAM:         S-103    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            533288.         533288.         0.00000     
       MASS(LB/HR   )           0.486280E+07    0.486280E+07     0.00000     
       ENTHALPY(BTU/HR  )      -0.749876E+10   -0.706574E+10   -0.577454E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.653853E+08  LB/HR            
    PRODUCT STREAMS CO2E         0.653853E+08  LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                           ***  INPUT DATA  *** 
 
   ISENTROPIC CENTRIFUGAL COMPRESSOR 
    OUTLET PRESSURE  PSIA                                   71.6000      
    ISENTROPIC EFFICIENCY                                    0.72000     
    MECHANICAL EFFICIENCY                                    1.00000     
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 BLOCK:  C-101    MODEL: COMPR (CONTINUED)            
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  HP              170,183.          
    BRAKE      HORSEPOWER REQUIREMENT  HP              170,183.          
    NET WORK REQUIRED                  HP              170,183.          
    POWER LOSSES                       HP                    0.0         
    ISENTROPIC HORSEPOWER REQUIREMENT  HP              122,532.          
    CALCULATED OUTLET TEMP  F                              197.319       
    ISENTROPIC TEMPERATURE  F                              169.017       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.72000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       FT-LBF/LB                     49,891.5         
    MECHANICAL EFFICIENCY USED                               1.00000     
    INLET HEAT CAPACITY RATIO                                1.34883     
    INLET VOLUMETRIC FLOW RATE , CUFT/HR                     0.728873+08 
    OUTLET VOLUMETRIC FLOW RATE, CUFT/HR                     0.525660+08 
    INLET  COMPRESSIBILITY FACTOR                            1.00014     
    OUTLET COMPRESSIBILITY FACTOR                            1.00102     
    AV. ISENT. VOL. EXPONENT                                 1.34241     
    AV. ISENT. TEMP EXPONENT                                 1.33979     
    AV. ACTUAL VOL. EXPONENT                                 1.52388     
    AV. ACTUAL TEMP EXPONENT                                 1.51981     
 
 BLOCK:  C-102    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          S-107    
   OUTLET STREAM:         S-108    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            541087.         541087.         0.00000     
       MASS(LB/HR   )           0.486280E+07    0.486280E+07     0.00000     
       ENTHALPY(BTU/HR  )      -0.700075E+10   -0.618108E+10   -0.117083     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.604872E+08  LB/HR            
    PRODUCT STREAMS CO2E         0.604872E+08  LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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 BLOCK:  C-102    MODEL: COMPR (CONTINUED)            
 
                           ***  INPUT DATA  *** 
 
   ISENTROPIC CENTRIFUGAL COMPRESSOR 
    OUTLET PRESSURE  PSIA                                   97.4000      
    ISENTROPIC EFFICIENCY                                    0.72000     
    MECHANICAL EFFICIENCY                                    1.00000     
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  HP              322,142.          
    BRAKE      HORSEPOWER REQUIREMENT  HP              322,142.          
    NET WORK REQUIRED                  HP              322,142.          
    POWER LOSSES                       HP                    0.0         
    ISENTROPIC HORSEPOWER REQUIREMENT  HP              231,942.          
    CALCULATED OUTLET TEMP  F                              287.484       
    ISENTROPIC TEMPERATURE  F                              236.302       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.72000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       FT-LBF/LB                     94,440.6         
    MECHANICAL EFFICIENCY USED                               1.00000     
    INLET HEAT CAPACITY RATIO                                1.34772     
    INLET VOLUMETRIC FLOW RATE , CUFT/HR                     0.801208+08 
    OUTLET VOLUMETRIC FLOW RATE, CUFT/HR                     0.446263+08 
    INLET  COMPRESSIBILITY FACTOR                            1.00023     
    OUTLET COMPRESSIBILITY FACTOR                            1.00188     
    AV. ISENT. VOL. EXPONENT                                 1.33654     
    AV. ISENT. TEMP EXPONENT                                 1.33355     
    AV. ACTUAL VOL. EXPONENT                                 1.49902     
    AV. ACTUAL TEMP EXPONENT                                 1.49480     
 
 BLOCK:  C-201    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          S-213    
   OUTLET STREAM:         S-214    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
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                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            2637.42         2637.42         0.00000     
       MASS(LB/HR   )            78813.7         78813.7         0.00000     
       ENTHALPY(BTU/HR  )      -0.740368E+08   -0.669536E+08   -0.956715E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             665871.      LB/HR            
    PRODUCT STREAMS CO2E          665871.      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                           ***  INPUT DATA  *** 
 
   ISENTROPIC CENTRIFUGAL COMPRESSOR 
    OUTLET PRESSURE  PSIA                                   69.4000      
    ISENTROPIC EFFICIENCY                                    0.72000     
    MECHANICAL EFFICIENCY                                    1.00000     
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  HP                2,783.81        
    BRAKE      HORSEPOWER REQUIREMENT  HP                2,783.81        
    NET WORK REQUIRED                  HP                2,783.81        
    POWER LOSSES                       HP                    0.0         
    ISENTROPIC HORSEPOWER REQUIREMENT  HP                2,004.34        
    CALCULATED OUTLET TEMP  F                              314.431       
    ISENTROPIC TEMPERATURE  F                              257.749       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.72000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       FT-LBF/LB                     50,354.2         
    MECHANICAL EFFICIENCY USED                               1.00000     
    INLET HEAT CAPACITY RATIO                                1.23276     
    INLET VOLUMETRIC FLOW RATE , CUFT/HR             1,053,060.          
    OUTLET VOLUMETRIC FLOW RATE, CUFT/HR               313,058.          
    INLET  COMPRESSIBILITY FACTOR                            0.99475     
    OUTLET COMPRESSIBILITY FACTOR                            0.99163     
    AV. ISENT. VOL. EXPONENT                                 1.20186     
    AV. ISENT. TEMP EXPONENT                                 1.20711     
    AV. ACTUAL VOL. EXPONENT                                 1.27966     
    AV. ACTUAL TEMP EXPONENT                                 1.28298     
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 BLOCK:  C-201    MODEL: COMPR (CONTINUED)            
 
 BLOCK:  C-301    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          S-307    
   OUTLET STREAM:         S-308    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            6616.72         6616.72         0.00000     
       MASS(LB/HR   )            389977.         389977.         0.00000     
       ENTHALPY(BTU/HR  )      -0.245980E+09   -0.230600E+09   -0.625248E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             10259.4      LB/HR            
    PRODUCT STREAMS CO2E          10259.4      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                           ***  INPUT DATA  *** 
 
   ISENTROPIC CENTRIFUGAL COMPRESSOR 
    OUTLET PRESSURE  PSIA                                   42.6959      
    ISENTROPIC EFFICIENCY                                    0.72000     
    MECHANICAL EFFICIENCY                                    1.00000     
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 BLOCK:  C-301    MODEL: COMPR (CONTINUED)            
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  HP                6,044.51        
    BRAKE      HORSEPOWER REQUIREMENT  HP                6,044.51        
    NET WORK REQUIRED                  HP                6,044.51        
    POWER LOSSES                       HP                    0.0         
    ISENTROPIC HORSEPOWER REQUIREMENT  HP                4,352.05        
    CALCULATED OUTLET TEMP  F                              312.930       
    ISENTROPIC TEMPERATURE  F                              286.103       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.72000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       FT-LBF/LB                     22,096.3         
    MECHANICAL EFFICIENCY USED                               1.00000     
    INLET HEAT CAPACITY RATIO                                1.10646     
    INLET VOLUMETRIC FLOW RATE , CUFT/HR             3,994,930.          
    OUTLET VOLUMETRIC FLOW RATE, CUFT/HR             1,336,860.          
    INLET  COMPRESSIBILITY FACTOR                            0.98588     
    OUTLET COMPRESSIBILITY FACTOR                            0.96734     
    AV. ISENT. VOL. EXPONENT                                 1.07798     
    AV. ISENT. TEMP EXPONENT                                 1.09986     
    AV. ACTUAL VOL. EXPONENT                                 1.11629     
    AV. ACTUAL TEMP EXPONENT                                 1.13600     
 
 BLOCK:  C-401    MODEL: COMPR            
 ----------------------------- 
   INLET STREAM:          S-407    
   OUTLET STREAM:         S-408    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            5955.67         5955.67         0.00000     
       MASS(LB/HR   )            551473.         551473.         0.00000     
       ENTHALPY(BTU/HR  )       0.142983E+09    0.173499E+09   -0.175885     
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 BLOCK:  C-401    MODEL: COMPR (CONTINUED)            
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             117.131      LB/HR            
    PRODUCT STREAMS CO2E          117.131      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                           ***  INPUT DATA  *** 
 
   ISENTROPIC CENTRIFUGAL COMPRESSOR 
    OUTLET PRESSURE  PSIA                                   44.6959      
    ISENTROPIC EFFICIENCY                                    0.72000     
    MECHANICAL EFFICIENCY                                    1.00000     
 
                           ***  RESULTS  *** 
 
    INDICATED  HORSEPOWER REQUIREMENT  HP               11,993.2         
    BRAKE      HORSEPOWER REQUIREMENT  HP               11,993.2         
    NET WORK REQUIRED                  HP               11,993.2         
    POWER LOSSES                       HP                    0.0         
    ISENTROPIC HORSEPOWER REQUIREMENT  HP                8,635.11        
    CALCULATED OUTLET TEMP  F                              342.704       
    ISENTROPIC TEMPERATURE  F                              323.350       
    EFFICIENCY (POLYTR/ISENTR) USED                          0.72000     
    OUTLET VAPOR FRACTION                                    1.00000     
    HEAD DEVELOPED,       FT-LBF/LB                     31,003.4         
    MECHANICAL EFFICIENCY USED                               1.00000     
    INLET HEAT CAPACITY RATIO                                1.07145     
    INLET VOLUMETRIC FLOW RATE , CUFT/HR                     0.139234+08 
    OUTLET VOLUMETRIC FLOW RATE, CUFT/HR             1,078,880.          
    INLET  COMPRESSIBILITY FACTOR                            0.99323     
    OUTLET COMPRESSIBILITY FACTOR                            0.94033     
    AV. ISENT. VOL. EXPONENT                                 1.03134     
    AV. ISENT. TEMP EXPONENT                                 1.07693     
    AV. ACTUAL VOL. EXPONENT                                 1.06416     
    AV. ACTUAL TEMP EXPONENT                                 1.08743     
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 BLOCK:  COL-201  MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - S-216    STAGE   1 
               S-201    STAGE   6 
    OUTLETS  - S-217    STAGE   1 
               S-202    STAGE   6 
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            572785.         572785.         0.00000     
       MASS(LB/HR   )           0.907552E+07    0.907552E+07   -0.108776E-13 
       ENTHALPY(BTU/HR  )      -0.108655E+11   -0.108655E+11    0.514967E-07 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.611531E+08  LB/HR            
    PRODUCT STREAMS CO2E         0.611531E+08  LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                         6 
    ALGORITHM OPTION                                      STANDARD     
    ABSORBER OPTION                                       NO       
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        BROYDEN  
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
 
   ****   COL-SPECS   **** 
 
    MOLAR VAPOR DIST / TOTAL DIST                            1.00000     
    CONDENSER DUTY (W/O SUBCOOL)   BTU/HR                    0.0         
    REBOILER DUTY                  BTU/HR                    0.0         
 
   ****    PROFILES   **** 
 
    P-SPEC          STAGE   1  PRES, PSIA                   68.6000      
 
                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  S-217        S-202    
    COMPONENT: 
    BENZENE     .10815       .89185     
    NAPHT-01    .25669E-02   .99743     
    CARBO-01    .98424       .15760E-01 
    METHA-01    .98901       .10989E-01 
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 BLOCK:  COL-201  MODEL: RADFRAC (CONTINUED)          
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  S-217        S-202    
    COMPONENT: 
    ETHYL-01    .98486       .15135E-01 
    NITRO-01    .99851       .14938E-02 
    HYDRO-01    1.0000       .49258E-08 
    2:2:3-01    .36805E-01   .96319     
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
 
    TOP STAGE TEMPERATURE          F                        95.5021      
    BOTTOM STAGE TEMPERATURE       F                        91.8640      
    TOP STAGE LIQUID FLOW          LBMOL/HR             31,443.2         
    BOTTOM STAGE LIQUID FLOW       LBMOL/HR             33,241.3         
    TOP STAGE VAPOR FLOW           LBMOL/HR            539,544.          
    BOILUP VAPOR FLOW              LBMOL/HR            542,930.          
    CONDENSER DUTY (W/O SUBCOOL)   BTU/HR                    0.0         
    REBOILER DUTY                  BTU/HR                    0.0         
 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    DEW POINT                       0.77315E-04  STAGE=  6 
    BUBBLE POINT                    0.46045E-04  STAGE=  6 
    COMPONENT MASS BALANCE          0.15854E-05  STAGE=  2 COMP=NAPHT-01 
    ENERGY BALANCE                  0.54464E-06  STAGE=  2 
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   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             BTU/LBMOL          HEAT DUTY 
       F             PSIA           LIQUID       VAPOR        BTU/HR   
 
   1   95.502        68.600      -0.12146E+06  -13125.                 
   2   95.808        68.740      -0.12034E+06  -13207.                 
   5   93.302        69.160      -0.11647E+06  -13140.                 
   6   91.864        69.300      -0.11383E+06  -13109.                 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LBMOL/HR                   LBMOL/HR                 LBMOL/HR 
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.3144E+05 0.5395E+06  .29060+05                                .53954+06 
   2 0.3167E+05 0.5419E+06                                                     
   5 0.3245E+05 0.5426E+06                                                     
   6 0.3324E+05 0.5429E+06                      .54373+06  .33241+05           
 
    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LB/HR                      LB/HR                    LB/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.4198E+07 0.4742E+07  .41339+07                                .47418+07 
   2 0.4212E+07 0.4805E+07                                                     
   5 0.4260E+07 0.4849E+07                                                     
   6 0.4334E+07 0.4868E+07                      .49416+07  .43337+07           
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     BENZENE       NAPHT-01      CARBO-01      METHA-01      ETHYL-01 
      1    0.71910E-02   0.18788E-02   0.78275E-02   0.50141E-01   0.10338E-01 
      2    0.14332E-01   0.18649E-02   0.78969E-02   0.50315E-01   0.10419E-01 
      5    0.41118E-01   0.18413E-02   0.79195E-02   0.50052E-01   0.10505E-01 
      6    0.55253E-01   0.54140E-02   0.79204E-02   0.49799E-01   0.10545E-01 
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     NITRO-01      HYDRO-01      2:2:3-01 
      1    0.18288E-03   0.56012E-07   0.92244     
      2    0.18144E-03   0.55941E-07   0.91499     
      5    0.18482E-03   0.52979E-07   0.88838     
      6    0.18650E-03   0.51246E-07   0.87088     
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                         ****   MOLE-Y-PROFILE     **** 
   STAGE     BENZENE       NAPHT-01      CARBO-01      METHA-01      ETHYL-01 
      1    0.41281E-03   0.85841E-06   0.30475E-01   0.27613       0.42277E-01 
      2    0.82637E-03   0.85636E-06   0.30795E-01   0.27783       0.42691E-01 
      5    0.22182E-02   0.75817E-06   0.30771E-01   0.27754       0.42657E-01 
      6    0.28657E-02   0.20870E-05   0.30758E-01   0.27740       0.42641E-01 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     NITRO-01      HYDRO-01      2:2:3-01 
      1    0.76806E-02   0.64097       0.20502E-02 
      2    0.76574E-02   0.63815       0.20494E-02 
      5    0.76479E-02   0.63733       0.18324E-02 
      6    0.76437E-02   0.63697       0.17149E-02 
 
                         ****   K-VALUES           **** 
   STAGE     BENZENE       NAPHT-01      CARBO-01      METHA-01      ETHYL-01 
      1    0.57405E-01   0.45687E-03    3.8933        5.5072        4.0893     
      2    0.57658E-01   0.45916E-03    3.8997        5.5218        4.0976     
      5    0.53945E-01   0.41174E-03    3.8855        5.5450        4.0606     
      6    0.51867E-01   0.38552E-03    3.8834        5.5704        4.0436     
 
                         ****   K-VALUES           **** 
   STAGE     NITRO-01      HYDRO-01      2:2:3-01 
      1     41.999       0.11444E+08   0.22225E-02 
      2     42.204       0.11408E+08   0.22397E-02 
      5     41.379       0.12030E+08   0.20625E-02 
      6     40.985       0.12429E+08   0.19694E-02 
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     BENZENE       NAPHT-01      CARBO-01      METHA-01      ETHYL-01 
      1    0.42078E-02   0.18039E-02   0.25805E-02   0.60256E-02   0.21726E-02 
      2    0.84173E-02   0.17973E-02   0.26131E-02   0.60691E-02   0.21976E-02 
      5    0.24462E-01   0.17974E-02   0.26545E-02   0.61154E-02   0.22445E-02 
      6    0.33106E-01   0.53227E-02   0.26737E-02   0.61280E-02   0.22692E-02 
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     NITRO-01      HYDRO-01      2:2:3-01 
      1    0.38375E-04   0.84582E-09   0.98317     
      2    0.38215E-04   0.84790E-09   0.97887     
      5    0.39433E-04   0.81338E-09   0.96269     
      6    0.40075E-04   0.79240E-09   0.95046     
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     BENZENE       NAPHT-01      CARBO-01      METHA-01      ETHYL-01 
      1    0.36691E-02   0.12519E-04   0.15261       0.50406       0.13495     
      2    0.72797E-02   0.12378E-04   0.15284       0.50265       0.13506     
      5    0.19389E-01   0.10874E-04   0.15154       0.49824       0.13391     
      6    0.24965E-01   0.29833E-04   0.15097       0.49632       0.13341     
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                         ****   MASS-Y-PROFILE     **** 
   STAGE     NITRO-01      HYDRO-01      2:2:3-01 
      1    0.24482E-01   0.14702       0.33193E-01 
      2    0.24191E-01   0.14508       0.32885E-01 
      5    0.23974E-01   0.14377       0.29175E-01 
      6    0.23881E-01   0.14321       0.27214E-01 
 
 BLOCK:  COL-202  MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - S-203    STAGE   5 
    OUTLETS  - S-213    STAGE   1 
               S-210    STAGE   1 
               S-204    STAGE  20 
               S-207    STAGE  11 
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            33241.3         33241.2        0.316594E-05 
       MASS(LB/HR   )           0.433372E+07    0.433370E+07    0.345521E-05 
       ENTHALPY(BTU/HR  )      -0.378396E+10   -0.276366E+10   -0.269638     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             675515.      LB/HR            
    PRODUCT STREAMS CO2E          675515.      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                        20 
    ALGORITHM OPTION                                      STANDARD     
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        NEWTON   
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
 
   ****   COL-SPECS   **** 
 
    MOLAR REFLUX RATIO                                       1.30000     
    MOLAR DISTILLATE RATE          LBMOL/HR              4,383.23        
    CONDENSER TEMPERATURE          F                        90.0000      
 
   ****    PROFILES   **** 
 
    P-SPEC          STAGE   1  PRES, PSIA                   14.6959      
 
                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  S-213        S-210        S-204        S-207    
    COMPONENT: 
    BENZENE     .21551       .78394       .22671E-13   .54697E-03 
    NAPHT-01    .15867E-06   .13642E-03   .67162       .32825     
    CARBO-01    .97420       .25795E-01   0.0000       .29986E-07 
    METHA-01    .98592       .14075E-01   0.0000       .12956E-11 
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   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  S-213        S-210        S-204        S-207    
    COMPONENT: 
    ETHYL-01    .97641       .23588E-01   0.0000       .35181E-07 
    NITRO-01    .99789       .21143E-02   0.0000       0.0000     
    HYDRO-01    1.0000       .61480E-08   0.0000       0.0000     
    2:2:3-01    .15721E-03   .92422E-02   .44031E-02   .98620     
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
 
    TOP STAGE TEMPERATURE          F                        90.0000      
    BOTTOM STAGE TEMPERATURE       F                       353.935       
    TOP STAGE LIQUID FLOW          LBMOL/HR              5,698.20        
    BOTTOM STAGE LIQUID FLOW       LBMOL/HR                248.335       
    TOP STAGE VAPOR FLOW           LBMOL/HR              2,637.42        
    BOILUP VAPOR FLOW              LBMOL/HR             67,331.8         
    MOLAR REFLUX RATIO                                       1.30000     
    MOLAR BOILUP RATIO                                     271.133       
    CONDENSER DUTY (W/O SUBCOOL)   BTU/HR                   -0.138385+09 
    REBOILER DUTY                  BTU/HR                    0.115868+10 
 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    DEW POINT                       0.13281E-08  STAGE= 20 
    BUBBLE POINT                    0.34548E-08  STAGE= 19 
    COMPONENT MASS BALANCE          0.12417E-05  STAGE= 11 COMP=BENZENE  
    ENERGY BALANCE                  0.46361E-05  STAGE= 11 
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   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             BTU/LBMOL          HEAT DUTY 
       F             PSIA           LIQUID       VAPOR        BTU/HR   
 
   1   90.000        14.696       -2990.7      -28072.      -.13839+09 
   2   210.79        14.836       -70962.       4174.5                 
   3   264.23        14.976      -0.10131E+06  -32622.                 
   4   281.76        15.116      -0.10608E+06  -50891.                 
   5   291.98        15.256      -0.10585E+06  -56329.                 
   6   318.33        15.396      -0.10810E+06  -83314.                 
  10   326.74        15.956      -0.10898E+06  -93651.                 
  11   327.42        16.096      -0.10885E+06  -93590.                 
  12   328.10        16.236      -0.10865E+06  -93472.                 
  13   328.81        16.376      -0.10832E+06  -93280.                 
  14   329.57        16.516      -0.10773E+06  -92950.                 
  15   330.44        16.656      -0.10662E+06  -92346.                 
  19   341.18        17.216       -72427.      -75329.                 
  20   353.93        17.356       -27502.      -55384.       .11587+10 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LBMOL/HR                   LBMOL/HR                 LBMOL/HR 
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  7444.      2637.                                     1745.8110 2637.4221 
   2  5272.     0.1008E+05                                                     
   3  5597.      9655.                                                         
   4  5818.      9980.                 876.6134                                
   5 0.6384E+05  9325.      .32365+05                                          
   6 0.7173E+05 0.3498E+05                                                     
  10 0.7423E+05 0.4520E+05                                                     
  11 0.7427E+05 0.7398E+05                                           .28610+05 
  12 0.7430E+05 0.7402E+05                                                     
  13 0.7430E+05 0.7405E+05                                                     
  14 0.7426E+05 0.7406E+05                                                     
  15 0.7412E+05 0.7401E+05                                                     
  19 0.6758E+05 0.7115E+05                                                     
  20  248.3     0.6733E+05                                  248.3347           
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    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LB/HR                      LB/HR                    LB/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.6458E+06 0.7881E+05                                 .15145+06 .78814+05 
   2 0.6348E+06 0.7246E+06                                                     
   3 0.7598E+06 0.8651E+06                                                     
   4 0.8067E+06 0.9900E+06            .19297+05                                
   5 0.8884E+07 0.1018E+07  .43144+07                                          
   6 0.1015E+08 0.4780E+07                                                     
  10 0.1056E+08 0.6430E+07                                                     
  11 0.1056E+08 0.1052E+08                                           .40698+07 
  12 0.1057E+08 0.1053E+08                                                     
  13 0.1057E+08 0.1053E+08                                                     
  14 0.1056E+08 0.1053E+08                                                     
  15 0.1053E+08 0.1052E+08                                                     
  19 0.9407E+07 0.1002E+08                                                     
  20 0.3363E+05 0.9374E+07                                 .33629+05           
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     BENZENE       NAPHT-01      CARBO-01      METHA-01      ETHYL-01 
      1    0.82475       0.14063E-04   0.38901E-02   0.13346E-01   0.47361E-02 
      2    0.33318       0.22018E-03   0.93027E-03   0.20252E-02   0.12260E-02 
      3    0.95261E-01   0.72189E-03   0.88255E-03   0.14665E-02   0.11980E-02 
      4    0.50433E-01   0.16967E-02   0.84889E-03   0.12679E-02   0.11581E-02 
      5    0.43819E-01   0.36955E-02   0.62625E-03   0.76653E-03   0.84773E-03 
      6    0.12059E-01   0.35368E-02   0.35870E-04   0.84187E-05   0.49966E-04 
     10    0.34997E-04   0.36863E-02   0.27502E-09   0.74712E-13   0.42961E-09 
     11    0.50953E-05   0.40964E-02   0.90305E-11   0.44451E-15   0.14519E-10 
     12    0.74385E-06   0.49061E-02   0.29891E-12   0.26540E-17   0.49458E-12 
     13    0.10889E-06   0.65069E-02   0.99717E-14   0.15893E-19   0.16979E-13 
     14    0.15984E-07   0.96750E-02   0.33516E-15   0.95348E-22   0.58724E-15 
     15    0.23531E-08   0.15956E-01   0.11343E-16   0.56373E-24   0.20445E-16 
     19    0.11423E-11   0.21841       0.14984E-22    0.0000       0.31568E-22 
     20    0.16768E-12   0.48672       0.15772E-21   0.24217E-22   0.10000E-32 
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     NITRO-01      HYDRO-01      2:2:3-01 
      1    0.75084E-05   0.59989E-14   0.15325     
      2    0.10329E-05   0.15026E-13   0.66242     
      3    0.85348E-06   0.33509E-13   0.90047     
      4    0.76558E-06   0.40175E-13   0.94459     
      5    0.13492E-06   0.38532E-19   0.95024     
      6    0.25903E-09   0.24733E-25   0.98431     
     10    0.22812E-20   0.62158E-43   0.99628     
     11    0.24187E-23   0.13432E-42   0.99590     
     12    0.36474E-26   0.28805E-42   0.99509     
     13    0.50869E-27   0.59806E-42   0.99349     
     14    0.99797E-27   0.12187E-41   0.99033     
     15    0.11428E-26   0.24545E-41   0.98404     
     19    0.16469E-26   0.29446E-40   0.78159     
     20     0.0000       0.31846E-40   0.51328     
Section X: Appendix F 
287 
 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   04/01/2013  PAGE 29   
                             ALKYLATION FLOWSHEET                                
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  COL-202  MODEL: RADFRAC (CONTINUED)          
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     BENZENE       NAPHT-01      CARBO-01      METHA-01      ETHYL-01 
      1    0.15008       0.10827E-07   0.97251E-01   0.61882       0.12977     
      2    0.64825       0.10387E-04   0.28314E-01   0.17175       0.37448E-01 
      3    0.37205       0.12276E-03   0.27777E-01   0.17256       0.36976E-01 
      4    0.23736       0.40729E-03   0.26876E-01   0.16669       0.35796E-01 
      5    0.22716       0.10604E-02   0.19871E-01   0.10772       0.26212E-01 
      6    0.79943E-01   0.16000E-02   0.11429E-02   0.13990E-02   0.15472E-02 
     10    0.24182E-03   0.18543E-02   0.84729E-08   0.12647E-10   0.12860E-07 
     11    0.35115E-04   0.20648E-02   0.27595E-09   0.74963E-13   0.43106E-09 
     12    0.51124E-05   0.24773E-02   0.90608E-11   0.44600E-15   0.14567E-10 
     13    0.74634E-06   0.32903E-02   0.29991E-12   0.26629E-17   0.49624E-12 
     14    0.10926E-06   0.48966E-02   0.10005E-13   0.15946E-19   0.17036E-13 
     15    0.16038E-07   0.80743E-02   0.33628E-15   0.94296E-22   0.58921E-15 
     19    0.76825E-11   0.10430       0.44850E-21    0.0000       0.92863E-21 
     20    0.11459E-11   0.21742       0.50581E-20   0.57790E-20   0.32456E-31 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     NITRO-01      HYDRO-01      2:2:3-01 
      1    0.23457E-02   0.64589E-06   0.17256E-02 
      2    0.61920E-03   0.16897E-06   0.11361     
      3    0.64269E-03   0.17644E-06   0.38987     
      4    0.62169E-03   0.17069E-06   0.53225     
      5    0.11459E-03   0.14568E-12   0.61786     
      6    0.24624E-06   0.70323E-19   0.91437     
     10    0.21708E-17   0.15668E-36   0.99790     
     11    0.22897E-20   0.33358E-36   0.99790     
     12    0.34355E-23   0.70502E-36   0.99752     
     13    0.47695E-24   0.14428E-35   0.99671     
     14    0.93224E-24   0.28985E-35   0.99510     
     15    0.10653E-23   0.57566E-35   0.99193     
     19    0.16859E-23   0.66214E-34   0.89570     
     20     0.0000       0.73310E-34   0.78258     
 
                         ****   K-VALUES           **** 
   STAGE     BENZENE       NAPHT-01      CARBO-01      METHA-01      ETHYL-01 
      1    0.18197       0.76988E-03    24.999        46.367        27.401     
      2     1.9457       0.47175E-01    30.437        84.804        30.544     
      3     3.9056       0.17006        31.474        117.67        30.865     
      4     4.7064       0.24005        31.660        131.47        30.911     
      5     5.1841       0.28695        31.730        140.53        30.920     
      6     6.6294       0.45237        31.864        166.17        30.964     
     10     6.9096       0.50301        30.808        169.28        29.933     
     11     6.8916       0.50406        30.557        168.64        29.690     
     12     6.8729       0.50494        30.313        168.05        29.454     
     13     6.8541       0.50566        30.076        167.55        29.226     
     14     6.8351       0.50611        29.852        167.24        29.011     
     15     6.8156       0.50603        29.647        167.27        28.819     
     19     6.7258       0.47752        29.932        190.31        29.416     
     20     6.8337       0.44671        32.071        238.63        32.456     
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                         ****   K-VALUES           **** 
   STAGE     NITRO-01      HYDRO-01      2:2:3-01 
      1     312.41       0.10767E+09   0.11260E-01 
      2     599.48       0.11245E+08   0.17151     
      3     753.01       0.52653E+07   0.43297     
      4     812.05       0.42487E+07   0.56346     
      5     849.35       0.37808E+07   0.65021     
      6     950.62       0.28433E+07   0.92894     
     10     951.61       0.25207E+07    1.0016     
     11     946.64       0.24835E+07    1.0020     
     12     941.90       0.24475E+07    1.0024     
     13     937.60       0.24125E+07    1.0032     
     14     934.13       0.23784E+07    1.0048     
     15     932.24       0.23454E+07    1.0080     
     19     1023.7       0.22487E+07    1.1460     
     20     1225.4       0.23020E+07    1.5247     
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     BENZENE       NAPHT-01      CARBO-01      METHA-01      ETHYL-01 
      1    0.74264       0.20778E-04   0.19735E-02   0.24681E-02   0.15316E-02 
      2    0.21613       0.23436E-03   0.34000E-03   0.26982E-03   0.28564E-03 
      3    0.54814E-01   0.68158E-03   0.28612E-03   0.17331E-03   0.24757E-03 
      4    0.28414E-01   0.15685E-02   0.26945E-03   0.14671E-03   0.23432E-03 
      5    0.24596E-01   0.34036E-02   0.19805E-03   0.88365E-04   0.17089E-03 
      6    0.66593E-02   0.32048E-02   0.11160E-04   0.95482E-06   0.99097E-05 
     10    0.19221E-04   0.33220E-02   0.85100E-10   0.84271E-14   0.84738E-10 
     11    0.27984E-05   0.36916E-02   0.27944E-11   0.50139E-16   0.28637E-11 
     12    0.40857E-06   0.44217E-02   0.92501E-13   0.29939E-18   0.97562E-13 
     13    0.59819E-07   0.58654E-02   0.30863E-14   0.17931E-20   0.33499E-14 
     14    0.87838E-08   0.87238E-02   0.10377E-15   0.10761E-22   0.11589E-15 
     15    0.12939E-08   0.14397E-01   0.35140E-17   0.63662E-25   0.40375E-17 
     19    0.64098E-12   0.20111       0.47372E-23    0.0000       0.63620E-23 
     20    0.96722E-13   0.46069       0.51257E-22   0.28690E-23   0.20717E-33 
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     NITRO-01      HYDRO-01      2:2:3-01 
      1    0.24246E-05   0.13940E-15   0.25136     
      2    0.24029E-06   0.25156E-15   0.78274     
      3    0.17612E-06   0.49760E-15   0.94380     
      4    0.15468E-06   0.58412E-15   0.96937     
      5    0.27159E-07   0.55816E-21   0.97154     
      6    0.51299E-10   0.35248E-27   0.99011     
     10    0.44930E-21   0.88098E-45   0.99666     
     11    0.47640E-24   0.19038E-44   0.99631     
     12    0.71847E-27   0.40831E-44   0.99558     
     13    0.10022E-27   0.84787E-44   0.99413     
     14    0.19667E-27   0.17283E-43   0.99128     
     15    0.22535E-27   0.34830E-43   0.98560     
     19    0.33142E-27   0.42642E-42   0.79889     
     20     0.0000       0.47407E-42   0.53931     
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                         ****   MASS-Y-PROFILE     **** 
   STAGE     BENZENE       NAPHT-01      CARBO-01      METHA-01      ETHYL-01 
      1    0.39231       0.46438E-07   0.14323       0.33222       0.12183     
      2    0.70453       0.18523E-04   0.17338E-01   0.38335E-01   0.14617E-01 
      3    0.32436       0.17562E-03   0.13644E-01   0.30898E-01   0.11578E-01 
      4    0.18690       0.52624E-03   0.11923E-01   0.26957E-01   0.10123E-01 
      5    0.16259       0.12454E-02   0.80133E-02   0.15836E-01   0.67381E-02 
      6    0.45693E-01   0.15005E-02   0.36806E-03   0.16422E-03   0.31759E-03 
     10    0.13280E-03   0.16709E-02   0.26215E-08   0.14264E-11   0.25362E-08 
     11    0.19282E-04   0.18605E-02   0.85372E-10   0.84540E-14   0.85009E-10 
     12    0.28074E-05   0.22321E-02   0.28033E-11   0.50300E-16   0.28729E-11 
     13    0.40987E-06   0.29649E-02   0.92796E-13   0.30034E-18   0.97874E-13 
     14    0.60010E-07   0.44131E-02   0.30962E-14   0.17988E-20   0.33606E-14 
     15    0.88119E-08   0.72794E-02   0.10410E-15   0.10641E-22   0.11626E-15 
     19    0.42618E-11   0.94935E-01   0.14018E-21    0.0000       0.18501E-21 
     20    0.64293E-12   0.20018       0.15990E-20   0.66595E-21   0.65402E-32 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     NITRO-01      HYDRO-01      2:2:3-01 
      1    0.21989E-02   0.43571E-07   0.82165E-02 
      2    0.24134E-03   0.47393E-08   0.22492     
      3    0.20094E-03   0.39697E-08   0.61914     
      4    0.17556E-03   0.34686E-08   0.76339     
      5    0.29415E-04   0.26910E-14   0.80554     
      6    0.50473E-07   0.10373E-20   0.95196     
     10    0.42752E-18   0.22205E-38   0.99820     
     11    0.45089E-21   0.47272E-38   0.99812     
     12    0.67656E-24   0.99911E-38   0.99777     
     13    0.93934E-25   0.20448E-37   0.99703     
     14    0.18363E-24   0.41086E-37   0.99559     
     15    0.20992E-24   0.81625E-37   0.99272     
     19    0.33539E-24   0.94792E-36   0.90506     
     20     0.0000       0.10615E-35   0.79982     
 
 BLOCK:  COL-301  MODEL: DECANTER         
 -------------------------------- 
   INLET STREAM:          S-313    
   FIRST LIQUID OUTLET:   S-314    
   SECOND LIQUID OUTLET:  S-315    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            10833.8         10833.8         0.00000     
       MASS(LB/HR   )            689223.         689223.       -0.130080E-06 
       ENTHALPY(BTU/HR  )      -0.541773E+09   -0.541776E+09    0.636003E-05 
Section X: Appendix F 
290 
 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   04/01/2013  PAGE 32   
                             ALKYLATION FLOWSHEET                                
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  COL-301  MODEL: DECANTER (CONTINUED)         
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             10259.4      LB/HR            
    PRODUCT STREAMS CO2E          10259.4      LB/HR            
    NET STREAMS CO2E PRODUCTION  0.171090E-02  LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION        0.171090E-02  LB/HR            
 
                          ***  INPUT DATA  *** 
 
   LIQUID-LIQUID SPLIT, PQ SPECIFICATION 
   SPECIFIED HEAT DUTY - BLOCK SPEC    BTU/HR                  0.0         
   SPECIFIED PRESSURE DROP             PSI                     0.0         
   CONVERGENCE TOLERANCE ON EQUILIBRIUM                       0.10000E-03 
   MAXIMUM NO ITERATIONS ON EQUILIBRIUM                       30 
   EQUILIBRIUM METHOD                           EQUATION-SOLVING 
   KLL COEFFICIENTS FROM                       OPTION SET OR EOS 
   KLL BASIS                                                MOLE 
   KEY COMPONENT(S):       WATER                                  
 
                           ***  RESULTS  *** 
 
   OUTLET TEMPERATURE      F                                  99.987     
   OUTLET PRESSURE         PSIA                               19.696     
   CALCULATED HEAT DUTY    BTU/HR                            -3445.7     
   MOLAR RATIO 1ST LIQUID / TOTAL LIQUID                     0.60155     
 
   L1-L2 PHASE EQUILIBRIUM :  
      COMP          F             X1            X2            K 
      BENZENE    0.13279       0.22043       0.00047354    0.0021483    
      TOLUENE    0.28298       0.47020       0.00034366    0.00073088   
      P-XYL-01   0.082147      0.13653       0.447112-04   0.00032748   
      M-XYL-01   0.026133      0.043434      0.125263-04   0.00028840   
      O-XYL-01   0.012555      0.020867      0.542912-05   0.00026017   
      N-PEN-01   0.0049222     0.0081811     0.226093-05   0.00027636   
      1:3:5-01   0.016330      0.027145      0.227628-05   0.838573-04  
      METHANOL   0.069017      0.021961      0.14006       6.37748      
      NAPHT-01   0.226628-05   0.376724-05   0.240620-09   0.638718-04  
      WATER      0.34463       0.0042425     0.85854       202.367      
      CARBO-01   0.00071278    0.0010548     0.00019648    0.18628      
      METHA-01   0.0022829     0.0036187     0.00026633    0.073599     
      ETHYL-01   0.00079527    0.0012841     0.572097-04   0.044551     
      NITRO-01   0.162477-05   0.203579-05   0.100424-05   0.49329      
      2:2:3-01   0.024697      0.041054      0.103624-05   0.252406-04  
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 BLOCK:  COL-302  MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - S-317    STAGE   9 
    OUTLETS  - S-318    STAGE   1 
               S-321    STAGE  13 
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            4316.70         4316.70         0.00000     
       MASS(LB/HR   )            86528.2         86528.1        0.143559E-07 
       ENTHALPY(BTU/HR  )      -0.516398E+09   -0.508090E+09   -0.160890E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             498.424      LB/HR            
    PRODUCT STREAMS CO2E          498.424      LB/HR            
    NET STREAMS CO2E PRODUCTION -0.708792E-04  LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            




                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                        13 
    ALGORITHM OPTION                                      STANDARD     
    ABSORBER OPTION                                       NO       
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        BROYDEN  
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
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   ****   COL-SPECS   **** 
 
    MOLAR VAPOR DIST / TOTAL DIST                            0.0         
    MOLAR REFLUX RATIO                                       1.87000     
    REBOILER DUTY                  BTU/HR                    0.541100+08 
 
   ****    PROFILES   **** 
 
    P-SPEC          STAGE   1  PRES, PSIA                   14.6959      
 
                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  S-318        S-321    
    COMPONENT: 
    BENZENE     1.0000       .18384E-14 
    TOLUENE     1.0000       0.0000     
    P-XYL-01    1.0000       0.0000     
    M-XYL-01    1.0000       0.0000     
    O-XYL-01    1.0000       0.0000     
    N-PEN-01    1.0000       0.0000     
    1:3:5-01    1.0000       0.0000     
    METHANOL    .99756       .24410E-02 
    NAPHT-01    1.0000       .26215E-13 
    WATER       .87285E-01   .91271     
    CARBO-01    1.0000       .67595E-10 
    METHA-01    1.0000       0.0000     
    ETHYL-01    1.0000       .24002E-13 
    NITRO-01    1.0000       0.0000     
    2:2:3-01    1.0000       0.0000     
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
 
    TOP STAGE TEMPERATURE          F                       128.296       
    BOTTOM STAGE TEMPERATURE       F                       217.415       
    TOP STAGE LIQUID FLOW          LBMOL/HR              1,744.08        
    BOTTOM STAGE LIQUID FLOW       LBMOL/HR              3,384.04        
    TOP STAGE VAPOR FLOW           LBMOL/HR                  0.0         
    BOILUP VAPOR FLOW              LBMOL/HR              3,091.03        
    MOLAR REFLUX RATIO                                       1.87000     
    MOLAR BOILUP RATIO                                       0.91341     
    CONDENSER DUTY (W/O SUBCOOL)   BTU/HR                   -0.458017+08 
    REBOILER DUTY                  BTU/HR                    0.541100+08 
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   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    DEW POINT                       0.42460E-08  STAGE=  2 
    BUBBLE POINT                    0.64208E-07  STAGE=  1 
    COMPONENT MASS BALANCE          0.93163E-07  STAGE=  9 COMP=BENZENE  
    ENERGY BALANCE                  0.21693E-07  STAGE=  1 
 
 
   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             BTU/LBMOL          HEAT DUTY 
       F             PSIA           LIQUID       VAPOR        BTU/HR   
 
   1   128.30        14.696      -0.10817E+06  -64319.      -.45802+08 
   2   174.52        14.836      -0.11536E+06  -91056.                 
   7   201.90        15.536      -0.11951E+06  -98040.                 
   8   202.35        15.676      -0.11950E+06  -98039.                 
   9   202.79        15.816      -0.11949E+06  -98035.                 
  10   211.21        15.956      -0.12007E+06 -0.10095E+06             
  11   215.01        16.096      -0.12026E+06 -0.10221E+06             
  12   216.61        16.236      -0.12032E+06 -0.10266E+06             
  13   217.42        16.376      -0.12033E+06 -0.10280E+06   .54110+08 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LBMOL/HR                   LBMOL/HR                 LBMOL/HR 
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  2677.      0.000                                      932.6651           
   2  1721.      2677.                                                         
   7  1693.      2626.                                                         
   8  1693.      2626.                                                         
   9  6455.      2626.      4316.7037                                          
  10  6464.      3071.                                                         
  11  6471.      3080.                                                         
  12  6475.      3087.                                                         
  13  3384.      3091.                                     3384.0385           
 
    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LB/HR                      LB/HR                    LB/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.7331E+05  0.000                                     .25543+05           
   2 0.3766E+05 0.7331E+05                                                     
   7 0.3174E+05 0.5728E+05                                                     
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    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LB/HR                      LB/HR                    LB/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   8 0.3174E+05 0.5728E+05                                                     
   9 0.1210E+06 0.5729E+05  .86528+05                                          
  10 0.1181E+06 0.6003E+05                                                     
  11 0.1171E+06 0.5707E+05                                                     
  12 0.1168E+06 0.5609E+05                                                     
  13 0.6099E+05 0.5581E+05                                 .60985+05           
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     BENZENE       TOLUENE       P-XYL-01      M-XYL-01      O-XYL-01 
      1    0.21917E-02   0.15906E-02   0.20694E-03   0.57976E-04   0.25128E-04 
      2    0.18412E-04   0.13422E-04   0.23875E-05   0.59263E-06   0.32031E-06 
      7    0.73490E-06   0.39999E-06   0.47087E-07   0.12007E-07   0.65746E-08 
      8    0.73796E-06   0.40137E-06   0.47214E-07   0.12040E-07   0.65917E-08 
      9    0.74129E-06   0.40291E-06   0.47364E-07   0.12080E-07   0.66119E-08 
     10    0.95531E-09   0.37160E-09   0.36550E-10   0.85049E-11   0.58886E-11 
     11    0.10447E-11   0.28610E-12   0.22885E-13   0.48595E-14   0.42580E-14 
     12    0.10848E-14   0.20798E-15   0.13400E-16   0.25967E-17   0.28792E-17 
     13    0.11105E-17   0.14875E-18   0.76943E-20   0.13606E-20   0.19087E-20 
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     N-PEN-01      1:3:5-01      METHANOL      NAPHT-01      WATER    
      1    0.10464E-04   0.10535E-04   0.64665       0.11137E-08   0.34684     
      2    0.42178E-08   0.12155E-06   0.27567       0.48573E-10   0.72429     
      7    0.79090E-10   0.15837E-08   0.51966E-01   0.76150E-12   0.94803     
      8    0.79673E-10   0.15872E-08   0.52009E-01   0.76182E-12   0.94799     
      9    0.80296E-10   0.15916E-08   0.52082E-01   0.76252E-12   0.94791     
     10    0.20213E-14   0.74670E-12   0.17767E-01   0.16973E-14   0.98223     
     11    0.40955E-19   0.27544E-15   0.55627E-02   0.30188E-17   0.99444     
     12    0.77643E-24   0.94000E-19   0.16491E-02   0.49876E-20   0.99835     
     13    0.14486E-28   0.31344E-22   0.43610E-03   0.80464E-23   0.99956     
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     CARBO-01      METHA-01      ETHYL-01      NITRO-01      2:2:3-01 
      1    0.90940E-03   0.12327E-02   0.26479E-03   0.46480E-05   0.47961E-05 
      2    0.73477E-05   0.14296E-05   0.63658E-06   0.38707E-08   0.93011E-08 
      7    0.16894E-05   0.24660E-06   0.10629E-06   0.89271E-09   0.11359E-09 
      8    0.17028E-05   0.24789E-06   0.10725E-06   0.89744E-09   0.11401E-09 
      9    0.17163E-05   0.24922E-06   0.10822E-06   0.90224E-09   0.11449E-09 
     10    0.17529E-07   0.25500E-09   0.22633E-09   0.93221E-12   0.85057E-14 
     11    0.17398E-09   0.24614E-12   0.45071E-12   0.92568E-15   0.49834E-18 
     12    0.17184E-11   0.23368E-15   0.88796E-15   0.90960E-18   0.27069E-22 
     13    0.16942E-13   0.22128E-18   0.17516E-17   0.89325E-21   0.14390E-26 
Section X: Appendix F 
295 
 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   04/01/2013  PAGE 37   
                             ALKYLATION FLOWSHEET                                
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  COL-302  MODEL: RADFRAC (CONTINUED)          
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     BENZENE       TOLUENE       P-XYL-01      M-XYL-01      O-XYL-01 
      1    0.15797E-01   0.68796E-02   0.37466E-03   0.12696E-03   0.43944E-04 
      2    0.21917E-02   0.15906E-02   0.20694E-03   0.57976E-04   0.25128E-04 
      7    0.77904E-03   0.56528E-03   0.73542E-04   0.20603E-04   0.89304E-05 
      8    0.77895E-03   0.56521E-03   0.73533E-04   0.20600E-04   0.89294E-05 
      9    0.77886E-03   0.56514E-03   0.73524E-04   0.20598E-04   0.89283E-05 
     10    0.15580E-05   0.84683E-06   0.99548E-07   0.25390E-07   0.13897E-07 
     11    0.20051E-08   0.77994E-09   0.76714E-10   0.17851E-10   0.12360E-10 
     12    0.21900E-11   0.59976E-12   0.47975E-13   0.10187E-13   0.89262E-14 
     13    0.22712E-14   0.43551E-15   0.28063E-16   0.54380E-17   0.60293E-17 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     N-PEN-01      1:3:5-01      METHANOL      NAPHT-01      WATER    
      1    0.90544E-03   0.11731E-04   0.43409       0.28224E-09   0.66792E-01 
      2    0.10464E-04   0.10535E-04   0.64665       0.11137E-08   0.34684     
      7    0.37173E-05   0.37435E-05   0.26331       0.39610E-09   0.73438     
      8    0.37169E-05   0.37431E-05   0.26319       0.39606E-09   0.73449     
      9    0.37164E-05   0.37426E-05   0.26319       0.39601E-09   0.73449     
     10    0.16876E-09   0.33452E-08   0.10898       0.16026E-11   0.89101     
     11    0.42425E-14   0.15672E-11   0.36812E-01   0.35624E-14   0.96319     
     12    0.85856E-19   0.57741E-15   0.11183E-01   0.63284E-17   0.98882     
     13    0.16264E-23   0.19688E-18   0.29771E-02   0.10439E-19   0.99702     
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     CARBO-01      METHA-01      ETHYL-01      NITRO-01      2:2:3-01 
      1    0.61195E-01   0.36508       0.45678E-01   0.29987E-02   0.31155E-04 
      2    0.90940E-03   0.12327E-02   0.26479E-03   0.46480E-05   0.47961E-05 
      7    0.32413E-03   0.43804E-03   0.94128E-04   0.16517E-05   0.17038E-05 
      8    0.32410E-03   0.43799E-03   0.94118E-04   0.16515E-05   0.17036E-05 
      9    0.32407E-03   0.43794E-03   0.94107E-04   0.16513E-05   0.17034E-05 
     10    0.36072E-05   0.52381E-06   0.22745E-06   0.18963E-08   0.24062E-09 
     11    0.36791E-07   0.53521E-09   0.47504E-09   0.19566E-11   0.17852E-13 
     12    0.36471E-09   0.51600E-12   0.94484E-12   0.19406E-14   0.10447E-17 
     13    0.35811E-11   0.48926E-15   0.18582E-14   0.19044E-17   0.56702E-22 
 
                         ****   K-VALUES           **** 
   STAGE     BENZENE       TOLUENE       P-XYL-01      M-XYL-01      O-XYL-01 
      1     7.2074        4.3252        1.8105        2.1898        1.7488     
      2     119.04        118.50        86.675        97.829        78.448     
      7     1060.1        1413.2        1561.8        1716.0        1358.3     
      8     1055.5        1408.2        1557.4        1710.9        1354.6     
      9     1050.7        1402.7        1552.3        1705.1        1350.3     
     10     1630.9        2278.9        2723.6        2985.3        2359.9     
     11     1919.3        2726.1        3352.1        3673.4        2902.7     
     12     2018.9        2883.7        3580.1        3923.2        3100.2     
     13     2045.3        2927.8        3647.2        3996.8        3158.8     
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                         ****   K-VALUES           **** 
   STAGE     N-PEN-01      1:3:5-01      METHANOL      NAPHT-01      WATER    
      1     86.526        1.1135       0.67128       0.25343       0.19257     
      2     2481.0        86.679        2.3458        22.928       0.47887     
      7     47001.        2363.8        5.0669        520.16       0.77464     
      8     46652.        2358.3        5.0605        519.88       0.77479     
      9     46285.        2351.5        5.0534        519.34       0.77485     
     10     83493.        4479.9        6.1340        944.25       0.90713     
     11    0.10359E+06    5690.1        6.6177        1180.1       0.96858     
     12    0.11058E+06    6142.6        6.7813        1268.8       0.99045     
     13    0.11228E+06    6281.3        6.8267        1297.4       0.99746     
 
                         ****   K-VALUES           **** 
   STAGE     CARBO-01      METHA-01      ETHYL-01      NITRO-01      2:2:3-01 
      1     67.291        296.17        172.51        645.17        6.4961     
      2     123.77        862.27        415.95        1200.8        515.64     
      7     191.86        1776.4        885.55        1850.2        14999.     
      8     190.33        1766.8        877.56        1840.2        14943.     
      9     188.82        1757.2        869.59        1830.2        14879.     
     10     205.79        2054.2        1005.0        2034.2        28290.     
     11     211.46        2174.4        1054.0        2113.7        35824.     
     12     212.24        2208.2        1064.1        2133.4        38594.     
     13     211.37        2211.1        1060.8        2132.0        39404.     
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     BENZENE       TOLUENE       P-XYL-01      M-XYL-01      O-XYL-01 
      1    0.62512E-02   0.53513E-02   0.80221E-03   0.22475E-03   0.97409E-04 
      2    0.65719E-04   0.56511E-04   0.11582E-04   0.28750E-05   0.15539E-05 
      7    0.30626E-05   0.19662E-05   0.26670E-06   0.68005E-07   0.37238E-07 
      8    0.30752E-05   0.19729E-05   0.26741E-06   0.68194E-07   0.37334E-07 
      9    0.30889E-05   0.19804E-05   0.26825E-06   0.68415E-07   0.37447E-07 
     10    0.40857E-08   0.18746E-08   0.21246E-09   0.49437E-10   0.34229E-10 
     11    0.45102E-11   0.14570E-11   0.13429E-12   0.28515E-13   0.24985E-13 
     12    0.46976E-14   0.10624E-14   0.78870E-16   0.15283E-16   0.16946E-16 
     13    0.48134E-17   0.76054E-18   0.45328E-19   0.80155E-20   0.11245E-19 
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     N-PEN-01      1:3:5-01      METHANOL      NAPHT-01      WATER    
      1    0.27568E-04   0.46237E-04   0.75657       0.52121E-08   0.22815     
      2    0.13906E-07   0.66755E-06   0.40362       0.28448E-09   0.59623     
      7    0.30443E-09   0.10155E-07   0.88832E-01   0.52072E-11   0.91116     
      8    0.30666E-09   0.10177E-07   0.88903E-01   0.52091E-11   0.91109     
      9    0.30905E-09   0.10205E-07   0.89024E-01   0.52137E-11   0.91097     
     10    0.79847E-14   0.49139E-11   0.31170E-01   0.11911E-13   0.96883     
     11    0.16331E-18   0.18297E-14   0.98512E-02   0.21385E-16   0.99015     
     12    0.31056E-23   0.62635E-18   0.29294E-02   0.35440E-19   0.99707     
     13    0.57995E-28   0.20905E-21   0.77539E-03   0.57228E-22   0.99922     
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                         ****   MASS-X-PROFILE     **** 
   STAGE     CARBO-01      METHA-01      ETHYL-01      NITRO-01      2:2:3-01 
      1    0.14614E-02   0.72207E-03   0.27123E-03   0.47543E-05   0.24917E-04 
      2    0.14776E-04   0.10480E-05   0.81603E-06   0.49547E-08   0.60472E-07 
      7    0.39666E-05   0.21105E-06   0.15909E-06   0.13342E-08   0.86225E-09 
      8    0.39978E-05   0.21216E-06   0.16051E-06   0.13412E-08   0.86538E-09 
      9    0.40293E-05   0.21328E-06   0.16195E-06   0.13483E-08   0.86896E-09 
     10    0.42237E-07   0.22398E-09   0.34764E-09   0.14298E-11   0.66261E-13 
     11    0.42320E-09   0.21825E-12   0.69883E-12   0.14332E-14   0.39189E-17 
     12    0.41924E-11   0.20783E-15   0.13810E-14   0.14126E-17   0.21351E-21 
     13    0.41373E-13   0.19698E-18   0.27267E-17   0.13885E-20   0.11361E-25 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     BENZENE       TOLUENE       P-XYL-01      M-XYL-01      O-XYL-01 
      1    0.45659E-01   0.23456E-01   0.14719E-02   0.49875E-03   0.17263E-03 
      2    0.62512E-02   0.53513E-02   0.80221E-03   0.22475E-03   0.97409E-04 
      7    0.27894E-02   0.23875E-02   0.35789E-03   0.10026E-03   0.43460E-04 
      8    0.27893E-02   0.23874E-02   0.35788E-03   0.10026E-03   0.43458E-04 
      9    0.27890E-02   0.23871E-02   0.35783E-03   0.10025E-03   0.43453E-04 
     10    0.62270E-05   0.39923E-05   0.54076E-06   0.13792E-06   0.75489E-07 
     11    0.84517E-08   0.38779E-08   0.43949E-09   0.10227E-09   0.70808E-10 
     12    0.94140E-11   0.30410E-11   0.28029E-12   0.59517E-13   0.52150E-13 
     13    0.98251E-14   0.22223E-14   0.16500E-15   0.31973E-16   0.35450E-16 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     N-PEN-01      1:3:5-01      METHANOL      NAPHT-01      WATER    
      1    0.24173E-02   0.52174E-04   0.51468       0.13386E-08   0.44525E-01 
      2    0.27568E-04   0.46237E-04   0.75657       0.52121E-08   0.22815     
      7    0.12294E-04   0.20625E-04   0.38673       0.23272E-08   0.60645     
      8    0.12294E-04   0.20624E-04   0.38660       0.23271E-08   0.60658     
      9    0.12292E-04   0.20622E-04   0.38660       0.23268E-08   0.60658     
     10    0.62301E-09   0.20572E-07   0.17868       0.10510E-10   0.82130     
     11    0.16517E-13   0.10165E-10   0.63651E-01   0.24639E-13   0.93635     
     12    0.34088E-18   0.38191E-14   0.19719E-01   0.44636E-16   0.98028     
     13    0.64988E-23   0.13105E-17   0.52829E-02   0.74100E-19   0.99472     
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     CARBO-01      METHA-01      ETHYL-01      NITRO-01      2:2:3-01 
      1    0.99655E-01   0.21672       0.47417E-01   0.31084E-02   0.16403E-03 
      2    0.14614E-02   0.72207E-03   0.27123E-03   0.47543E-05   0.24917E-04 
      7    0.65387E-03   0.32212E-03   0.12104E-03   0.21209E-05   0.11112E-04 
      8    0.65386E-03   0.32211E-03   0.12104E-03   0.21208E-05   0.11112E-04 
      9    0.65380E-03   0.32207E-03   0.12102E-03   0.21206E-05   0.11110E-04 
     10    0.81228E-05   0.42996E-06   0.32649E-06   0.27180E-08   0.17518E-08 
     11    0.87374E-07   0.46333E-09   0.71913E-09   0.29577E-11   0.13707E-12 
     12    0.88327E-09   0.45553E-12   0.14586E-11   0.29915E-14   0.81798E-17 
     13    0.87280E-11   0.43469E-15   0.28869E-14   0.29545E-17   0.44679E-21 
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 BLOCK:  COL-401  MODEL: SEP              
 --------------------------- 
   INLET STREAM:          S-405    
   OUTLET STREAMS:        S-406       S-407    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            6517.06         6517.06        0.418668E-15 
       MASS(LB/HR   )            602695.         602695.       -0.193158E-15 
       ENTHALPY(BTU/HR  )       0.356832E+08    0.946286E+08   -0.622913     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             9760.95      LB/HR            
    PRODUCT STREAMS CO2E          9760.95      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
 
                          ***  INPUT DATA  *** 
 
   FLASH SPECS FOR STREAM S-406    
   TWO    PHASE  TP  FLASH 
   PRESSURE DROP         PSI                                 0.0         
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLASH SPECS FOR STREAM S-407    
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                                 185.000       
   SPECIFIED PRESSURE    PSIA                                2.93919     
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
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   FRACTION OF FEED 
     SUBSTREAM= MIXED    
       STREAM= S-407     CPT= BENZENE   FRACTION=          0.99900     
                              TOLUENE                      0.99800     
                              P-XYL-01                     0.98000     
                              M-XYL-01                     0.98000     
                              O-XYL-01                     0.98000     
                              N-PEN-01                     0.012000    
                              1:3:5-01                     0.98000     
                              METHANOL                     0.012000    
                              NAPHT-01                     0.98000     
                              WATER                        0.012000    
                              CARBO-01                     0.012000    
                              METHA-01                     0.012000    
                              ETHYL-01                     0.012000    
                              NITRO-01                     0.012000    
                              HYDRO-01                     0.012000    
                              2:2:3-01                     0.012000    
 
 
                           ***  RESULTS  *** 
 
   HEAT DUTY             BTU/HR                              0.58945E+08 
 
  COMPONENT = BENZENE  
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-406      MIXED                 0.00100000  
    S-407      MIXED                 0.99900     
 
  COMPONENT = TOLUENE  
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-406      MIXED                 0.0020000   
    S-407      MIXED                 0.99800     
 
  COMPONENT = P-XYL-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-406      MIXED                 0.020000    
    S-407      MIXED                 0.98000     
 
  COMPONENT = M-XYL-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-406      MIXED                 0.020000    
    S-407      MIXED                 0.98000     
 
  COMPONENT = O-XYL-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-406      MIXED                 0.020000    
    S-407      MIXED                 0.98000     
 
  COMPONENT = N-PEN-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-406      MIXED                 0.98800     
    S-407      MIXED                 0.012000    
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  COMPONENT = 1:3:5-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-406      MIXED                 0.020000    
    S-407      MIXED                 0.98000     
 
  COMPONENT = METHANOL 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-406      MIXED                 0.98800     
    S-407      MIXED                 0.012000    
 
  COMPONENT = NAPHT-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-406      MIXED                 0.020000    
    S-407      MIXED                 0.98000     
 
  COMPONENT = WATER    
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-406      MIXED                 0.98800     
    S-407      MIXED                 0.012000    
 
  COMPONENT = CARBO-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-406      MIXED                 0.98800     
    S-407      MIXED                 0.012000    
 
  COMPONENT = METHA-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-406      MIXED                 0.98800     
    S-407      MIXED                 0.012000    
 
  COMPONENT = ETHYL-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-406      MIXED                 0.98800     
    S-407      MIXED                 0.012000    
 
  COMPONENT = NITRO-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-406      MIXED                 0.98800     
    S-407      MIXED                 0.012000    
 
  COMPONENT = 2:2:3-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-406      MIXED                 0.98800     
    S-407      MIXED                 0.012000    
 
 BLOCK:  COL-402  MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - S-409    STAGE  13 
    OUTLETS  - S-410    STAGE   1 
               S-413    STAGE  22 
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
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                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            5955.67         5955.67        0.610843E-15 
       MASS(LB/HR   )            551473.         551473.        0.797216E-09 
       ENTHALPY(BTU/HR  )       0.447444E+08    0.669531E+08   -0.331705     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             117.131      LB/HR            
    PRODUCT STREAMS CO2E          117.131      LB/HR            
    NET STREAMS CO2E PRODUCTION  0.183324E-05  LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            




                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                        22 
    ALGORITHM OPTION                                      STANDARD     
    ABSORBER OPTION                                       NO       
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        BROYDEN  
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
 
   ****   COL-SPECS   **** 
 
    MOLAR VAPOR DIST / TOTAL DIST                            0.0         
    MOLAR REFLUX RATIO                                       1.30000     
    REBOILER DUTY                  BTU/HR                    0.783300+08 
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   ****    PROFILES   **** 
 
    P-SPEC          STAGE   1  PRES, PSIA                   14.6959      
 
                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  S-410        S-413    
    COMPONENT: 
    BENZENE     .93469       .65312E-01 
    TOLUENE     .13586       .86414     
    P-XYL-01    .38027E-04   .99996     
    M-XYL-01    .30203E-03   .99970     
    O-XYL-01    .32711E-05   1.0000     
    N-PEN-01    1.0000       .43461E-07 
    1:3:5-01    .47218E-09   1.0000     
    METHANOL    1.0000       .81168E-12 
    NAPHT-01    0.0000       1.0000     
    WATER       1.0000       0.0000     
    CARBO-01    1.0000       .30156E-13 
    METHA-01    1.0000       0.0000     
    ETHYL-01    1.0000       .33225E-13 
    NITRO-01    1.0000       0.0000     
    2:2:3-01    .16882E-04   .99998     
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
 
    TOP STAGE TEMPERATURE          F                       181.641       
    BOTTOM STAGE TEMPERATURE       F                       255.987       
    TOP STAGE LIQUID FLOW          LBMOL/HR              2,288.17        
    BOTTOM STAGE LIQUID FLOW       LBMOL/HR              4,195.54        
    TOP STAGE VAPOR FLOW           LBMOL/HR                  0.0         
    BOILUP VAPOR FLOW              LBMOL/HR              5,283.68        
    MOLAR REFLUX RATIO                                       1.30000     
    MOLAR BOILUP RATIO                                       1.25936     
    CONDENSER DUTY (W/O SUBCOOL)   BTU/HR                   -0.561213+08 
    REBOILER DUTY                  BTU/HR                    0.783300+08 
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   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    DEW POINT                       0.44460E-08  STAGE= 17 
    BUBBLE POINT                    0.41643E-08  STAGE= 17 
    COMPONENT MASS BALANCE          0.16866E-07  STAGE=  8 COMP=1:3:5-01 
    ENERGY BALANCE                  0.59047E-08  STAGE= 21 
 
 
   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             BTU/LBMOL          HEAT DUTY 
       F             PSIA           LIQUID       VAPOR        BTU/HR   
 
   1   181.64        14.696        20914.       29931.      -.56121+08 
   2   194.70        14.836        18672.       34777.                 
  11   217.43        16.096        14384.       31765.                 
  12   219.97        16.236        13579.       31602.                 
  13   224.05        16.376        12157.       31315.                 
  14   226.31        16.516        11900.       31013.                 
  18   238.60        17.076        10378.       28428.                 
  19   241.95        17.216        9968.3       27648.                 
  20   245.32        17.356        9510.9       26879.                 
  21   249.30        17.496        8799.1       26061.                 
  22   255.99        17.636        7184.2       24906.       .78330+08 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LBMOL/HR                   LBMOL/HR                 LBMOL/HR 
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  4048.      0.000                                     1760.1295           
   2  2259.      4048.                                                         
  11  2167.      3947.                                                         
  12  2132.      3927.                                                         
  13  9456.      3892.      5955.6682                                          
  14  9465.      5261.                                                         
  18  9507.      5298.                                                         
  19  9518.      5311.                                                         
  20  9518.      5323.                                                         
  21  9479.      5323.                                                         
  22  4196.      5284.                                     4195.5387           
Section X: Appendix F 
304 
 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   04/01/2013  PAGE 46   
                             ALKYLATION FLOWSHEET                                
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  COL-402  MODEL: RADFRAC (CONTINUED)          
 
    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LB/HR                      LB/HR                    LB/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.3293E+06  0.000                                     .14319+06           
   2 0.1901E+06 0.3293E+06                                                     
  11 0.1929E+06 0.3368E+06                                                     
  12 0.1916E+06 0.3361E+06                                                     
  13 0.8634E+06 0.3347E+06  .55147+06                                          
  14 0.8674E+06 0.4551E+06                                                     
  18 0.8897E+06 0.4752E+06                                                     
  19 0.8957E+06 0.4814E+06                                                     
  20 0.9011E+06 0.4874E+06                                                     
  21 0.9053E+06 0.4928E+06                                                     
  22 0.4083E+06 0.4971E+06                                 .40828+06           
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     BENZENE       TOLUENE       P-XYL-01      M-XYL-01      O-XYL-01 
      1    0.76209       0.23605       0.18839E-04   0.47601E-04   0.24768E-06 
      2    0.56888       0.43073       0.87245E-04   0.18774E-03   0.14357E-05 
     11    0.29258       0.63955       0.43585E-01   0.18903E-01   0.40053E-02 
     12    0.28464       0.60001       0.73923E-01   0.27509E-01   0.85039E-02 
     13    0.27130       0.53764       0.11570       0.38134E-01   0.16799E-01 
     14    0.24920       0.55792       0.11684       0.38640E-01   0.16933E-01 
     18    0.12368       0.67164       0.12409       0.41895E-01   0.17752E-01 
     19    0.92332E-01   0.69728       0.12776       0.43364E-01   0.18138E-01 
     20    0.64715E-01   0.71251       0.13586       0.46126E-01   0.19089E-01 
     21    0.41422E-01   0.70259       0.15688       0.52325E-01   0.22138E-01 
     22    0.22340E-01   0.62988       0.20783       0.66098E-01   0.31765E-01 
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     N-PEN-01      1:3:5-01      METHANOL      NAPHT-01      WATER    
      1    0.36350E-03   0.46507E-10   0.97577E-03   0.69955E-22   0.18850E-03 
      2    0.52007E-04   0.60166E-09   0.50975E-04   0.42871E-20   0.16117E-05 
     11    0.21293E-04   0.12024E-02   0.19390E-04   0.76309E-08   0.55006E-06 
     12    0.21227E-04   0.51327E-02   0.19072E-04   0.14751E-06   0.54119E-06 
     13    0.21044E-04   0.19969E-01   0.18517E-04   0.25915E-05   0.52451E-06 
     14    0.44522E-05   0.20043E-01   0.13400E-05   0.25919E-05   0.56472E-08 
     18    0.70338E-08   0.20491E-01   0.27993E-10   0.25964E-05   0.54571E-16 
     19    0.13094E-08   0.20671E-01   0.17474E-11   0.25983E-05   0.49363E-18 
     20    0.23719E-09   0.21209E-01   0.10565E-12   0.26077E-05   0.43125E-20 
     21    0.41497E-10   0.24087E-01   0.61577E-14   0.27295E-05   0.36282E-22 
     22    0.66276E-11   0.41321E-01   0.33227E-15   0.57347E-05   0.28682E-24 
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                         ****   MOLE-X-PROFILE     **** 
   STAGE     CARBO-01      METHA-01      ETHYL-01      NITRO-01      2:2:3-01 
      1    0.46864E-04   0.16078E-03   0.57056E-04   0.90453E-07   0.30794E-07 
      2    0.11287E-05   0.12134E-05   0.12684E-05   0.99710E-10   0.14883E-06 
     11    0.53467E-06   0.50704E-06   0.62892E-06   0.42820E-10   0.12879E-03 
     12    0.54164E-06   0.50793E-06   0.64347E-06   0.43003E-10   0.23918E-03 
     13    0.55067E-06   0.50715E-06   0.66529E-06   0.43122E-10   0.41553E-03 
     14    0.25483E-07   0.62815E-08   0.30647E-07   0.81339E-13   0.41923E-03 
     18    0.12070E-12   0.12863E-15   0.14748E-12   0.94947E-24   0.44249E-03 
     19    0.56699E-14   0.14760E-17   0.70167E-14   0.17118E-26   0.45388E-03 
     20    0.26726E-15   0.16666E-19   0.33632E-15   0.30573E-29   0.48021E-03 
     21    0.12653E-16   0.18493E-21   0.16305E-16   0.54085E-32   0.55560E-03 
     22    0.59289E-18   0.19885E-23   0.79529E-18   0.94244E-35   0.76524E-03 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     BENZENE       TOLUENE       P-XYL-01      M-XYL-01      O-XYL-01 
      1    0.83527       0.10432       0.31563E-05   0.90003E-05   0.31972E-07 
      2    0.76209       0.23605       0.18839E-04   0.47601E-04   0.24768E-06 
     11    0.50452       0.47285       0.13597E-01   0.70219E-02   0.10082E-02 
     12    0.50302       0.45870       0.24058E-01   0.10452E-01   0.22102E-02 
     13    0.50055       0.43542       0.40502E-01   0.15090E-01   0.46583E-02 
     14    0.46986       0.46407       0.42225E-01   0.15831E-01   0.48633E-02 
     18    0.26408       0.65123       0.53650E-01   0.20893E-01   0.62087E-02 
     19    0.20373       0.70464       0.57948E-01   0.22776E-01   0.66818E-02 
     20    0.14750       0.75040       0.64651E-01   0.25444E-01   0.73969E-02 
     21    0.98117E-01   0.77765       0.79140E-01   0.30383E-01   0.90979E-02 
     22    0.56574E-01   0.76033       0.11642       0.41388E-01   0.14494E-01 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     N-PEN-01      1:3:5-01      METHANOL      NAPHT-01      WATER    
      1    0.22363E-02   0.25770E-11   0.16416E-01   0.80144E-24   0.17450E-01 
      2    0.36350E-03   0.46507E-10   0.97577E-03   0.69955E-22   0.18850E-03 
     11    0.17390E-03   0.14813E-03   0.44597E-03   0.20681E-09   0.84365E-04 
     12    0.17468E-03   0.66345E-03   0.44806E-03   0.42106E-08   0.84792E-04 
     13    0.17601E-03   0.28116E-02   0.45171E-03   0.80800E-07   0.85540E-04 
     14    0.37828E-04   0.29390E-02   0.33284E-04   0.84623E-07   0.94282E-06 
     18    0.65853E-07   0.37683E-02   0.77784E-09   0.10958E-06   0.10423E-13 
     19    0.12585E-07   0.40362E-02   0.50105E-10   0.11745E-06   0.97678E-16 
     20    0.23362E-08   0.43942E-02   0.31245E-11   0.12616E-06   0.88273E-18 
     21    0.41892E-09   0.53557E-02   0.18866E-12   0.14295E-06   0.77116E-20 
     22    0.69186E-10   0.10403E-01   0.10783E-13   0.34314E-06   0.64865E-22 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     CARBO-01      METHA-01      ETHYL-01      NITRO-01      2:2:3-01 
      1    0.19188E-02   0.19695E-01   0.26105E-02   0.77153E-04   0.50171E-08 
      2    0.46864E-04   0.16078E-03   0.57056E-04   0.90453E-07   0.30794E-07 
     11    0.21191E-04   0.71978E-04   0.25786E-04   0.40360E-07   0.37103E-04 
     12    0.21301E-04   0.72346E-04   0.25921E-04   0.40566E-07   0.71077E-04 
     13    0.21490E-04   0.72988E-04   0.26154E-04   0.40929E-07   0.13103E-03 
     14    0.98985E-06   0.91162E-06   0.11959E-05   0.77513E-10   0.13663E-03 
     18    0.46168E-11   0.19748E-13   0.55893E-11   0.93417E-21   0.17390E-03 
     19    0.21604E-12   0.23023E-15   0.26398E-12   0.16995E-23   0.18755E-03 
     20    0.10139E-13   0.26395E-17   0.12547E-13   0.30611E-26   0.20846E-03 
     21    0.47745E-15   0.29800E-19   0.60080E-15   0.54671E-29   0.25553E-03 
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                         ****   MOLE-Y-PROFILE     **** 
   STAGE     CARBO-01      METHA-01      ETHYL-01      NITRO-01      2:2:3-01 
     22    0.22229E-16   0.33019E-21   0.28621E-16   0.96957E-32   0.38914E-03 
 
                         ****   K-VALUES           **** 
   STAGE     BENZENE       TOLUENE       P-XYL-01      M-XYL-01      O-XYL-01 
      1     1.0960       0.44192       0.16754       0.18908       0.12909     
      2     1.3396       0.54803       0.21593       0.25354       0.17252     
     11     1.7244       0.73934       0.31197       0.37147       0.25171     
     12     1.7672       0.76448       0.32544       0.37993       0.25990     
     13     1.8450       0.80987       0.35006       0.39572       0.27729     
     14     1.8855       0.83180       0.36138       0.40972       0.28721     
     18     2.1351       0.96961       0.43234       0.49871       0.34976     
     19     2.2065        1.0106       0.45357       0.52522       0.36838     
     20     2.2792        1.0532       0.47585       0.55163       0.38749     
     21     2.3687        1.1068       0.50448       0.58066       0.41096     
     22     2.5324        1.2071       0.56018       0.62616       0.45628     
 
                         ****   K-VALUES           **** 
   STAGE     N-PEN-01      1:3:5-01      METHANOL      NAPHT-01      WATER    
      1     6.1522       0.55411E-01    16.824       0.11456E-01    92.573     
      2     6.9894       0.77298E-01    19.142       0.16317E-01    116.96     
     11     8.1669       0.12319        23.000       0.27102E-01    153.38     
     12     8.2288       0.12926        23.493       0.28545E-01    156.68     
     13     8.3638       0.14080        24.395       0.31179E-01    163.09     
     14     8.4964       0.14664        24.840       0.32648E-01    166.95     
     18     9.3624       0.18390        27.787       0.42205E-01    191.00     
     19     9.6113       0.19526        28.674       0.45203E-01    197.88     
     20     9.8495       0.20719        29.575       0.48379E-01    204.69     
     21     10.095       0.22234        30.638       0.52371E-01    212.54     
     22     10.439       0.25175        32.454       0.59836E-01    226.15     
 
                         ****   K-VALUES           **** 
   STAGE     CARBO-01      METHA-01      ETHYL-01      NITRO-01      2:2:3-01 
      1     40.945        122.50        45.753        852.97       0.16293     
      2     41.520        132.50        44.984        907.16       0.20690     
     11     39.635        141.96        41.000        942.53       0.28809     
     12     39.326        142.43        40.283        943.33       0.29717     
     13     39.025        143.92        39.313        949.14       0.31533     
     14     38.844        145.13        39.021        952.96       0.32591     
     18     38.251        153.53        37.897        983.88       0.39299     
     19     38.103        155.98        37.622        992.81       0.41320     
     20     37.935        158.38        37.306        1001.2       0.43411     
     21     37.735        161.15        36.847        1010.8       0.45992     
     22     37.492        166.05        35.987        1028.8       0.50852     
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                         ****   MASS-X-PROFILE     **** 
   STAGE     BENZENE       TOLUENE       P-XYL-01      M-XYL-01      O-XYL-01 
      1    0.73173       0.26735       0.24585E-04   0.62120E-04   0.32323E-06 
      2    0.52801       0.47157       0.11006E-03   0.23684E-03   0.18111E-05 
     11    0.25677       0.66206       0.51988E-01   0.22547E-01   0.47775E-02 
     12    0.24748       0.61534       0.87354E-01   0.32507E-01   0.10049E-01 
     13    0.23210       0.54254       0.13453       0.44340E-01   0.19533E-01 
     14    0.21240       0.56092       0.13536       0.44762E-01   0.19616E-01 
     18    0.10324       0.66131       0.14078       0.47530E-01   0.20139E-01 
     19    0.76644E-01   0.68274       0.14414       0.48924E-01   0.20464E-01 
     20    0.53396E-01   0.69346       0.15236       0.51726E-01   0.21407E-01 
     21    0.33878E-01   0.67782       0.17439       0.58165E-01   0.24609E-01 
     22    0.17933E-01   0.59640       0.22674       0.72113E-01   0.34656E-01 
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     N-PEN-01      1:3:5-01      METHANOL      NAPHT-01      WATER    
      1    0.32237E-03   0.68711E-10   0.38432E-03   0.11021E-21   0.41742E-04 
      2    0.44585E-04   0.85927E-09   0.19408E-04   0.65292E-20   0.34500E-06 
     11    0.17260E-04   0.16237E-02   0.69802E-05   0.10989E-07   0.11133E-06 
     12    0.17047E-04   0.68666E-02   0.68019E-05   0.21043E-06   0.10852E-06 
     13    0.16629E-04   0.26286E-01   0.64979E-05   0.36378E-05   0.10349E-06 
     14    0.35051E-05   0.26286E-01   0.46849E-06   0.36250E-05   0.11101E-08 
     18    0.54230E-08   0.26318E-01   0.95849E-11   0.35563E-05   0.10506E-16 
     19    0.10039E-08   0.26403E-01   0.59499E-12   0.35391E-05   0.94502E-19 
     20    0.18076E-09   0.26926E-01   0.35757E-13   0.35305E-05   0.82063E-21 
     21    0.31349E-10   0.30313E-01   0.20659E-14   0.36630E-05   0.68437E-23 
     22    0.49139E-11   0.51037E-01   0.10940E-15   0.75534E-05   0.53099E-25 
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     CARBO-01      METHA-01      ETHYL-01      NITRO-01      2:2:3-01 
      1    0.25352E-04   0.31706E-04   0.19675E-04   0.31147E-07   0.53857E-07 
      2    0.59024E-06   0.23130E-06   0.42279E-06   0.33189E-10   0.25162E-06 
     11    0.26437E-06   0.91389E-07   0.19823E-06   0.13477E-10   0.20588E-03 
     12    0.26532E-06   0.90696E-07   0.20092E-06   0.13409E-10   0.37878E-03 
     13    0.26542E-06   0.89106E-07   0.20440E-06   0.13230E-10   0.64752E-03 
     14    0.12237E-07   0.10996E-08   0.93813E-08   0.24863E-13   0.65086E-03 
     18    0.56763E-13   0.22051E-16   0.44213E-13   0.28423E-24   0.67279E-03 
     19    0.26517E-14   0.25164E-18   0.20918E-14   0.50958E-27   0.68628E-03 
     20    0.12424E-15   0.28241E-20   0.99661E-16   0.90464E-30   0.72171E-03 
     21    0.58303E-17   0.31063E-22   0.47893E-17   0.15864E-32   0.82772E-03 
     22    0.26814E-18   0.32781E-24   0.22927E-18   0.27130E-35   0.11189E-02 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     BENZENE       TOLUENE       P-XYL-01      M-XYL-01      O-XYL-01 
      1    0.85471       0.12591       0.43897E-05   0.12517E-04   0.44466E-07 
      2    0.73173       0.26735       0.24585E-04   0.62120E-04   0.32323E-06 
     11    0.46186       0.51060       0.16918E-01   0.87368E-02   0.12544E-02 
     12    0.45915       0.49388       0.29846E-01   0.12966E-01   0.27419E-02 
     13    0.45463       0.46648       0.49997E-01   0.18628E-01   0.57504E-02 
     14    0.42421       0.49423       0.51815E-01   0.19427E-01   0.59678E-02 
     18    0.23001       0.66907       0.63511E-01   0.24734E-01   0.73499E-02 
     19    0.17559       0.71637       0.67881E-01   0.26680E-01   0.78272E-02 
     20    0.12582       0.75506       0.74955E-01   0.29500E-01   0.85758E-02 
     21    0.82775E-01   0.77387       0.90744E-01   0.34838E-01   0.10432E-01 
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                         ****   MASS-Y-PROFILE     **** 
   STAGE     BENZENE       TOLUENE       P-XYL-01      M-XYL-01      O-XYL-01 
     22    0.46975E-01   0.74470       0.13138       0.46708E-01   0.16357E-01 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     N-PEN-01      1:3:5-01      METHANOL      NAPHT-01      WATER    
      1    0.21137E-02   0.40576E-11   0.68907E-02   0.13457E-23   0.41181E-02 
      2    0.32237E-03   0.68711E-10   0.38432E-03   0.11021E-21   0.41742E-04 
     11    0.14704E-03   0.20865E-03   0.16747E-03   0.31066E-09   0.17812E-04 
     12    0.14727E-03   0.93182E-03   0.16776E-03   0.63064E-08   0.17850E-04 
     13    0.14766E-03   0.39293E-02   0.16829E-03   0.12042E-06   0.17918E-04 
     14    0.31546E-04   0.40830E-02   0.12327E-04   0.12536E-06   0.19632E-06 
     18    0.52979E-07   0.50503E-02   0.27791E-09   0.15661E-06   0.20938E-14 
     19    0.10018E-07   0.53528E-02   0.17714E-10   0.16611E-06   0.19416E-16 
     20    0.18407E-08   0.57677E-02   0.10933E-11   0.17659E-06   0.17366E-18 
     21    0.32644E-09   0.69523E-02   0.65288E-13   0.19788E-06   0.15004E-20 
     22    0.53062E-10   0.13291E-01   0.36729E-14   0.46752E-06   0.12421E-22 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     CARBO-01      METHA-01      ETHYL-01      NITRO-01      2:2:3-01 
      1    0.11063E-02   0.41391E-02   0.95935E-03   0.28313E-04   0.93515E-08 
      2    0.25352E-04   0.31706E-04   0.19675E-04   0.31147E-07   0.53857E-07 
     11    0.10930E-04   0.13533E-04   0.84777E-05   0.13250E-07   0.61869E-04 
     12    0.10954E-04   0.13562E-04   0.84973E-05   0.13279E-07   0.11818E-03 
     13    0.10997E-04   0.13615E-04   0.85313E-05   0.13331E-07   0.21677E-03 
     14    0.50351E-06   0.16904E-06   0.38776E-06   0.25098E-10   0.22469E-03 
     18    0.22656E-11   0.35325E-14   0.17484E-11   0.29180E-21   0.27589E-03 
     19    0.10491E-12   0.40753E-16   0.81713E-13   0.52530E-24   0.29443E-03 
     20    0.48726E-14   0.46242E-18   0.38438E-14   0.93643E-27   0.32391E-03 
     21    0.22694E-15   0.51634E-20   0.18203E-15   0.16541E-29   0.39268E-03 
     22    0.10399E-16   0.56308E-22   0.85348E-17   0.28872E-32   0.58856E-03 
 
 BLOCK:  COL-403  MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - S-415    STAGE  13 
    OUTLETS  - S-416    STAGE   1 
               S-418    STAGE  26 
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            4195.54         4195.54        0.216777E-15 
       MASS(LB/HR   )            408280.         408280.        0.122323E-12 
       ENTHALPY(BTU/HR  )       0.302176E+08    0.381572E+08   -0.208075     
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                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            




                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                        26 
    ALGORITHM OPTION                                      STANDARD     
    ABSORBER OPTION                                       NO       
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        BROYDEN  
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
 
   ****   COL-SPECS   **** 
 
    MOLAR VAPOR DIST / TOTAL DIST                            0.0         
    MOLAR REFLUX RATIO                                       1.90000     
    REBOILER DUTY                  BTU/HR                    0.120100+09 
 
   ****    PROFILES   **** 
 
    P-SPEC          STAGE   1  PRES, PSIA                   25.7000      
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                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  S-416        S-418    
    COMPONENT: 
    BENZENE     1.0000       .22341E-06 
    TOLUENE     .99805       .19494E-02 
    P-XYL-01    .28754E-01   .97125     
    M-XYL-01    .13384       .86616     
    O-XYL-01    .26326E-02   .99737     
    N-PEN-01    1.0000       .22602E-13 
    1:3:5-01    .26483E-05   1.0000     
    NAPHT-01    .23299E-12   1.0000     
    2:2:3-01    .11562E-01   .98844     
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
 
    TOP STAGE TEMPERATURE          F                       266.940       
    BOTTOM STAGE TEMPERATURE       F                       336.814       
    TOP STAGE LIQUID FLOW          LBMOL/HR              5,308.28        
    BOTTOM STAGE LIQUID FLOW       LBMOL/HR              1,401.71        
    TOP STAGE VAPOR FLOW           LBMOL/HR                  0.0         
    BOILUP VAPOR FLOW              LBMOL/HR              8,038.47        
    MOLAR REFLUX RATIO                                       1.90000     
    MOLAR BOILUP RATIO                                       5.73477     
    CONDENSER DUTY (W/O SUBCOOL)   BTU/HR                   -0.112160+09 
    REBOILER DUTY                  BTU/HR                    0.120100+09 
 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    DEW POINT                       0.60878E-07  STAGE= 16 
    BUBBLE POINT                    0.84856E-07  STAGE= 16 
    COMPONENT MASS BALANCE          0.36309E-06  STAGE= 26 COMP=NAPHT-01 
    ENERGY BALANCE                  0.44015E-07  STAGE= 15 
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   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             BTU/LBMOL          HEAT DUTY 
       F             PSIA           LIQUID       VAPOR        BTU/HR   
 
   1   266.94        25.700        13409.       27746.      -.11216+09 
   2   269.37        25.840        12970.       27253.                 
  12   289.66        27.240        8420.4       24876.                 
  13   291.96        27.380        7896.8       24645.                 
  14   296.54        27.520        6982.7       23862.                 
  15   301.96        27.660        5941.1       22899.                 
  25   334.34        29.060        1065.4       16420.                 
  26   336.81        29.200        495.12       16105.       .12010+09 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LBMOL/HR                   LBMOL/HR                 LBMOL/HR 
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  8102.      0.000                                     2793.8312           
   2  5288.      8102.                                                         
  12  4978.      7805.                                                         
  13  9574.      7772.      4195.5387                                          
  14  9519.      8172.                                                         
  15  9470.      8117.                                                         
  25  9440.      8071.                                                         
  26  1402.      8038.                                     1401.7075           
 
    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LB/HR                      LB/HR                    LB/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.7453E+06  0.000                                     .25699+06           
   2 0.4891E+06 0.7453E+06                                                     
  12 0.4867E+06 0.7442E+06                                                     
  13 0.9419E+06 0.7437E+06  .40828+06                                          
  14 0.9470E+06 0.7906E+06                                                     
  15 0.9542E+06 0.7957E+06                                                     
  25 0.1013E+07 0.8611E+06                                                     
  26 0.1513E+06 0.8613E+06                                 .15129+06           
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                         ****   MOLE-X-PROFILE     **** 
   STAGE     BENZENE       TOLUENE       P-XYL-01      M-XYL-01      O-XYL-01 
      1    0.33548E-01   0.94405       0.89740E-02   0.13285E-01   0.12558E-03 
      2    0.16378E-01   0.94194       0.19114E-01   0.22221E-01   0.31533E-03 
     12    0.68442E-02   0.59896       0.26692       0.90546E-01   0.23890E-01 
     13    0.67062E-02   0.56971       0.27782       0.89698E-01   0.29687E-01 
     14    0.30701E-02   0.49949       0.33258       0.10358       0.33594E-01 
     15    0.13366E-02   0.41325       0.39813       0.11944       0.38621E-01 
     25    0.46735E-07   0.65668E-02   0.64174       0.18021       0.90307E-01 
     26    0.14939E-07   0.36753E-02   0.60417       0.17136       0.94829E-01 
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     N-PEN-01      1:3:5-01      NAPHT-01      2:2:3-01 
      1    0.99528E-11   0.16433E-06   0.20065E-17   0.13287E-04 
      2    0.11309E-11   0.76024E-06   0.36299E-16   0.29741E-04 
     12    0.42199E-12   0.12088E-01   0.33925E-06   0.75122E-03 
     13    0.42185E-12   0.25543E-01   0.27163E-05   0.83788E-03 
     14    0.53466E-13   0.26723E-01   0.27531E-05   0.96369E-03 
     15    0.66837E-14   0.28101E-01   0.27922E-05   0.11182E-02 
     25    0.38925E-23   0.78929E-01   0.48757E-05   0.22481E-02 
     26    0.44837E-24   0.12368       0.17165E-04   0.22640E-02 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     BENZENE       TOLUENE       P-XYL-01      M-XYL-01      O-XYL-01 
      1    0.67434E-01   0.92070       0.40925E-02   0.77161E-02   0.48886E-04 
      2    0.33548E-01   0.94405       0.89740E-02   0.13285E-01   0.12558E-03 
     12    0.16500E-01   0.74305       0.16229       0.62281E-01   0.11927E-01 
     13    0.16443E-01   0.72301       0.17420       0.62774E-01   0.15348E-01 
     14    0.78564E-02   0.66679       0.22184       0.75692E-01   0.18515E-01 
     15    0.36003E-02   0.58511       0.28568       0.91880E-01   0.23019E-01 
     25    0.16228E-06   0.12411E-01   0.67163       0.18655       0.83221E-01 
     26    0.52280E-07   0.70711E-02   0.64829       0.18175       0.89519E-01 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     N-PEN-01      1:3:5-01      NAPHT-01      2:2:3-01 
      1    0.86440E-10   0.34317E-07   0.10622E-18   0.57817E-05 
      2    0.99528E-11   0.16433E-06   0.20065E-17   0.13287E-04 
     12    0.38337E-11   0.35277E-02   0.26132E-07   0.42240E-03 
     13    0.38480E-11   0.77426E-02   0.21730E-06   0.48596E-03 
     14    0.49420E-12   0.87102E-02   0.23809E-06   0.59328E-03 
     15    0.62699E-13   0.99795E-02   0.26447E-06   0.73914E-03 
     25    0.38794E-22   0.44012E-01   0.74993E-06   0.21740E-02 
     26    0.44930E-23   0.71126E-01   0.27327E-05   0.22453E-02 
 
                         ****   K-VALUES           **** 
   STAGE     BENZENE       TOLUENE       P-XYL-01      M-XYL-01      O-XYL-01 
      1     2.0100       0.97527       0.45604       0.58080       0.38928     
      2     2.0483        1.0022       0.46950       0.59788       0.39825     
     12     2.4107        1.2406       0.60802       0.68784       0.49924     
     13     2.4520        1.2691       0.62702       0.69983       0.51698     
     14     2.5590        1.3350       0.66704       0.73072       0.55113     
     15     2.6935        1.4159       0.71754       0.76926       0.59604     
     25     3.4724        1.8900        1.0466        1.0352       0.92154     
     26     3.4995        1.9240        1.0730        1.0606       0.94400     
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                         ****   K-VALUES           **** 
   STAGE     N-PEN-01      1:3:5-01      NAPHT-01      2:2:3-01 
      1     8.6851       0.20883       0.52936E-01   0.43515     
      2     8.8010       0.21616       0.55277E-01   0.44675     
     12     9.0850       0.29185       0.77029E-01   0.56228     
     13     9.1217       0.30312       0.80000E-01   0.57998     
     14     9.2432       0.32595       0.86481E-01   0.61564     
     15     9.3809       0.35513       0.94718E-01   0.66104     
     25     9.9663       0.55762       0.15381       0.96703     
     26     10.021       0.57507       0.15920       0.99175     
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     BENZENE       TOLUENE       P-XYL-01      M-XYL-01      O-XYL-01 
      1    0.28489E-01   0.94565       0.10358E-01   0.15334E-01   0.14495E-03 
      2    0.13832E-01   0.93832       0.21939E-01   0.25505E-01   0.36194E-03 
     12    0.54682E-02   0.56447       0.28984       0.98322E-01   0.25942E-01 
     13    0.53249E-02   0.53360       0.29982       0.96802E-01   0.32038E-01 
     14    0.24106E-02   0.46261       0.35492       0.11054       0.35850E-01 
     15    0.10361E-02   0.37787       0.41947       0.12584       0.40690E-01 
     25    0.34035E-07   0.56410E-02   0.63518       0.17836       0.89384E-01 
     26    0.10812E-07   0.31375E-02   0.59429       0.16856       0.93278E-01 
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     N-PEN-01      1:3:5-01      NAPHT-01      2:2:3-01 
      1    0.78067E-11   0.21473E-06   0.27959E-17   0.20553E-04 
      2    0.88211E-12   0.98789E-06   0.50300E-16   0.45750E-04 
     12    0.31141E-12   0.14860E-01   0.44475E-06   0.10932E-02 
     13    0.30939E-12   0.31207E-01   0.35390E-05   0.12119E-02 
     14    0.38776E-13   0.32285E-01   0.35471E-05   0.13783E-02 
     15    0.47856E-14   0.33518E-01   0.35516E-05   0.15788E-02 
     25    0.26182E-23   0.88444E-01   0.58262E-05   0.29821E-02 
     26    0.29972E-24   0.13773       0.20384E-04   0.29846E-02 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     BENZENE       TOLUENE       P-XYL-01      M-XYL-01      O-XYL-01 
      1    0.57656E-01   0.92856       0.47557E-02   0.89666E-02   0.56809E-04 
      2    0.28489E-01   0.94565       0.10358E-01   0.15334E-01   0.14495E-03 
     12    0.13518E-01   0.71806       0.18071       0.69349E-01   0.13281E-01 
     13    0.13423E-01   0.69619       0.19327       0.69646E-01   0.17028E-01 
     14    0.63439E-02   0.63511       0.24347       0.83070E-01   0.20319E-01 
     15    0.28689E-02   0.54998       0.30940       0.99511E-01   0.24931E-01 
     25    0.11882E-06   0.10719E-01   0.66835       0.18564       0.82814E-01 
     26    0.38114E-07   0.60807E-02   0.64236       0.18009       0.88700E-01 
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     N-PEN-01      1:3:5-01      NAPHT-01      2:2:3-01 
      1    0.68264E-10   0.45147E-07   0.14902E-18   0.90044E-05 
      2    0.78067E-11   0.21473E-06   0.27959E-17   0.20553E-04 
     12    0.29010E-11   0.44471E-02   0.35129E-07   0.63034E-03 
     13    0.29013E-11   0.97252E-02   0.29107E-06   0.72258E-03 
     14    0.36859E-12   0.10822E-01   0.31547E-06   0.87262E-03 
     15    0.46149E-13   0.12236E-01   0.34581E-06   0.10729E-02 
     25    0.26235E-22   0.49583E-01   0.90094E-06   0.28993E-02 
     26    0.30255E-23   0.79787E-01   0.32690E-05   0.29817E-02 
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 BLOCK:  COL-404  MODEL: RADFRAC          
 ------------------------------- 
    INLETS   - S-420    STAGE  26 
    OUTLETS  - S-423    STAGE   1 
               S-421    STAGE  45 
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1401.71         1401.71        0.162212E-15 
       MASS(LB/HR   )            151290.         151290.       -0.181598E-12 
       ENTHALPY(BTU/HR  )        737856.        0.280893E+07   -0.737317     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            




                         ********************** 
                         ****  INPUT DATA  **** 
                         ********************** 
 
   ****   INPUT PARAMETERS   **** 
 
    NUMBER OF STAGES                                        45 
    ALGORITHM OPTION                                      STANDARD     
    ABSORBER OPTION                                       NO       
    INITIALIZATION OPTION                                 STANDARD     
    HYDRAULIC PARAMETER CALCULATIONS                      NO       
    INSIDE LOOP CONVERGENCE METHOD                        BROYDEN  
    DESIGN SPECIFICATION METHOD                           NESTED   
    MAXIMUM NO. OF OUTSIDE LOOP ITERATIONS                  25 
    MAXIMUM NO. OF INSIDE LOOP ITERATIONS                   10 
    MAXIMUM NUMBER OF FLASH ITERATIONS                      30 
    FLASH TOLERANCE                                          0.000100000 
    OUTSIDE LOOP CONVERGENCE TOLERANCE                       0.000100000 
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 BLOCK:  COL-404  MODEL: RADFRAC (CONTINUED)          
 
   ****   COL-SPECS   **** 
 
    MOLAR VAPOR DIST / TOTAL DIST                            0.0         
    MOLAR REFLUX RATIO                                       2.15000     
    REBOILER DUTY                  BTU/HR                    0.558500+08 
 
   ****    PROFILES   **** 
 
    P-SPEC          STAGE   1  PRES, PSIA                   38.0000      
 
                          ******************* 
                          ****  RESULTS  **** 
                          ******************* 
 
 
   ***   COMPONENT SPLIT FRACTIONS   *** 
 
                             OUTLET STREAMS  
                             -------------- 
                  S-423        S-421    
    COMPONENT: 
    BENZENE     1.0000       .10246E-10 
    TOLUENE     1.0000       .39864E-06 
    P-XYL-01    .98209       .17906E-01 
    M-XYL-01    .97895       .21051E-01 
    O-XYL-01    .85417       .14583     
    1:3:5-01    .19510E-02   .99805     
    NAPHT-01    0.0000       1.0000     
    2:2:3-01    .94402       .55975E-01 
 
  
   ***    SUMMARY OF KEY RESULTS    *** 
 
    TOP STAGE TEMPERATURE          F                       352.997       
    BOTTOM STAGE TEMPERATURE       F                       405.521       
    TOP STAGE LIQUID FLOW          LBMOL/HR              2,556.08        
    BOTTOM STAGE LIQUID FLOW       LBMOL/HR                212.833       
    TOP STAGE VAPOR FLOW           LBMOL/HR                  0.0         
    BOILUP VAPOR FLOW              LBMOL/HR              3,662.62        
    MOLAR REFLUX RATIO                                       2.15000     
    MOLAR BOILUP RATIO                                      17.2089      
    CONDENSER DUTY (W/O SUBCOOL)   BTU/HR                   -0.537789+08 
    REBOILER DUTY                  BTU/HR                    0.558500+08 
 
   ****   MAXIMUM FINAL RELATIVE ERRORS   **** 
 
    DEW POINT                       0.14331E-05  STAGE= 42 
    BUBBLE POINT                    0.15431E-05  STAGE= 42 
    COMPONENT MASS BALANCE          0.12469E-05  STAGE= 26 COMP=NAPHT-01 
    ENERGY BALANCE                  0.11165E-04  STAGE= 44 
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   ****    PROFILES   **** 
 
   **NOTE** REPORTED VALUES FOR STAGE LIQUID AND VAPOR RATES ARE THE FLOWS 
            FROM THE STAGE INCLUDING ANY SIDE PRODUCT. 
 
                                          ENTHALPY 
 STAGE TEMPERATURE   PRESSURE             BTU/LBMOL          HEAT DUTY 
       F             PSIA           LIQUID       VAPOR        BTU/HR   
 
   1   353.00        38.000        3293.8       17681.      -.53779+08 
   2   353.55        38.140        3284.0       17654.                 
  25   364.17        41.360        2638.8       17441.                 
  26   364.97        41.500        2508.6       17380.                 
  27   365.40        41.640        2512.7       17378.                 
  28   365.83        41.780        2517.2       17380.                 
  29   366.27        41.920        2519.8       17384.                 
  30   366.73        42.060        2518.0       17387.                 
  44   401.69        44.020       -4449.9       11766.                 
  45   405.52        44.160       -5201.0       10842.       .55850+08 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LBMOL/HR                   LBMOL/HR                 LBMOL/HR 
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1  3745.      0.000                                     1188.8748           
   2  2555.      3745.                                                         
  25  2512.      3706.                                                         
  26  4079.      3701.      1401.7075                                          
  27  4080.      3866.                                                         
  28  4080.      3867.                                                         
  29  4080.      3867.                                                         
  30  4079.      3867.                                                         
  44  3875.      3673.                                                         
  45  212.8      3663.                                      212.8326           
 
    ****  MASS FLOW PROFILES  **** 
 
 STAGE     FLOW RATE                  FEED RATE               PRODUCT RATE 
            LB/HR                      LB/HR                    LB/HR    
       LIQUID     VAPOR       LIQUID    VAPOR    MIXED      LIQUID    VAPOR 
   1 0.3977E+06  0.000                                     .12626+06           
   2 0.2715E+06 0.3977E+06                                                     
  25 0.2699E+06 0.3963E+06                                                     
  26 0.4390E+06 0.3962E+06  .15129+06                                          
  27 0.4391E+06 0.4140E+06                                                     
  28 0.4392E+06 0.4141E+06                                                     
  29 0.4393E+06 0.4142E+06                                                     
  30 0.4393E+06 0.4143E+06                                                     
  44 0.4519E+06 0.4234E+06                                                     
  45 0.2503E+05 0.4269E+06                                 .25030+05           
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                         ****   MOLE-X-PROFILE     **** 
   STAGE     BENZENE       TOLUENE       P-XYL-01      M-XYL-01      O-XYL-01 
      1    0.17613E-07   0.43332E-02   0.69957       0.19779       0.95501E-01 
      2    0.54916E-08   0.24282E-02   0.69162       0.19703       0.10575     
     25    0.22654E-08   0.12237E-02   0.61198       0.17675       0.12171     
     26    0.22643E-08   0.12174E-02   0.60388       0.17445       0.11986     
     27    0.75291E-09   0.70381E-03   0.59647       0.17344       0.12826     
     28    0.25077E-09   0.40706E-03   0.58823       0.17213       0.13738     
     29    0.83673E-10   0.23554E-03   0.57913       0.17051       0.14725     
     30    0.27968E-10   0.13633E-03   0.56907       0.16854       0.15790     
     44    0.35999E-17   0.22316E-07   0.10393       0.34276E-01   0.11923     
     45    0.10080E-17   0.96490E-08   0.71247E-01   0.23758E-01   0.91077E-01 
 
                         ****   MOLE-X-PROFILE     **** 
   STAGE     1:3:5-01      NAPHT-01      2:2:3-01 
      1    0.28451E-03   0.23937E-20   0.25199E-02 
      2    0.51276E-03   0.14818E-19   0.26577E-02 
     25    0.85665E-01   0.18504E-05   0.26648E-02 
     26    0.97965E-01   0.70929E-05   0.26219E-02 
     27    0.98406E-01   0.70963E-05   0.27208E-02 
     28    0.99024E-01   0.71004E-05   0.28220E-02 
     29    0.99934E-01   0.71057E-05   0.29251E-02 
     30    0.10132       0.71127E-05   0.30294E-02 
     44    0.74136       0.36896E-04   0.11647E-02 
     45    0.81297       0.11305E-03   0.83463E-03 
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     BENZENE       TOLUENE       P-XYL-01      M-XYL-01      O-XYL-01 
      1    0.56578E-07   0.77333E-02   0.70575       0.19802       0.85957E-01 
      2    0.17613E-07   0.43332E-02   0.69957       0.19779       0.95501E-01 
     25    0.71895E-08   0.22251E-02   0.64517       0.18494       0.11446     
     26    0.71956E-08   0.22225E-02   0.64012       0.18351       0.11329     
     27    0.23890E-08   0.12844E-02   0.63320       0.18274       0.12145     
     28    0.79435E-09   0.74255E-03   0.62538       0.18167       0.13030     
     29    0.26457E-09   0.42947E-03   0.61669       0.18030       0.13992     
     30    0.88278E-10   0.24850E-03   0.60709       0.17859       0.15034     
     44    0.13153E-16   0.51947E-07   0.14964       0.48734E-01   0.15316     
     45    0.37505E-17   0.23052E-07   0.10583       0.34887E-01   0.12087     
 
                         ****   MOLE-Y-PROFILE     **** 
   STAGE     1:3:5-01      NAPHT-01      2:2:3-01 
      1    0.15739E-03   0.38500E-21   0.23842E-02 
      2    0.28451E-03   0.23937E-20   0.25199E-02 
     25    0.50553E-01   0.32487E-06   0.26455E-02 
     26    0.58239E-01   0.12560E-05   0.26183E-02 
     27    0.58606E-01   0.12603E-05   0.27202E-02 
     28    0.59077E-01   0.12647E-05   0.28246E-02 
     29    0.59731E-01   0.12695E-05   0.29314E-02 
     30    0.60691E-01   0.12750E-05   0.30402E-02 
     44    0.64686       0.10138E-04   0.15992E-02 
     45    0.73720       0.32471E-04   0.11839E-02 
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                         ****   K-VALUES           **** 
   STAGE     BENZENE       TOLUENE       P-XYL-01      M-XYL-01      O-XYL-01 
      1     3.2122        1.7847        1.0088        1.0012       0.90007     
      2     3.2073        1.7845        1.0115        1.0039       0.90304     
     25     3.1735        1.8183        1.0542        1.0464       0.94043     
     26     3.1778        1.8256        1.0600        1.0519       0.94521     
     27     3.1730        1.8250        1.0616        1.0537       0.94689     
     28     3.1676        1.8242        1.0631        1.0554       0.94852     
     29     3.1620        1.8234        1.0648        1.0574       0.95024     
     30     3.1564        1.8228        1.0668        1.0596       0.95217     
     44     3.6538        2.3278        1.4398        1.4218        1.2845     
     45     3.7206        2.3891        1.4854        1.4684        1.3271     
 
                         ****   K-VALUES           **** 
   STAGE     1:3:5-01      NAPHT-01      2:2:3-01 
      1    0.55319       0.16084       0.94615     
      2    0.55485       0.16154       0.94814     
     25    0.59013       0.17557       0.99274     
     26    0.59448       0.17708       0.99863     
     27    0.59555       0.17760       0.99980     
     28    0.59659       0.17811        1.0009     
     29    0.59771       0.17865        1.0021     
     30    0.59899       0.17926        1.0036     
     44    0.87253       0.27478        1.3731     
     45    0.90679       0.28723        1.4184     
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     BENZENE       TOLUENE       P-XYL-01      M-XYL-01      O-XYL-01 
      1    0.12955E-07   0.37595E-02   0.69935       0.19772       0.95470E-01 
      2    0.40379E-08   0.21060E-02   0.69117       0.19690       0.10569     
     25    0.16469E-08   0.10494E-02   0.60469       0.17464       0.12026     
     26    0.16435E-08   0.10423E-02   0.59573       0.17209       0.11824     
     27    0.54640E-09   0.60249E-03   0.58833       0.17107       0.12651     
     28    0.18196E-09   0.34841E-03   0.58012       0.16976       0.13548     
     29    0.60703E-10   0.20156E-03   0.57104       0.16813       0.14519     
     30    0.20285E-10   0.11664E-03   0.56099       0.16614       0.15565     
     44    0.24115E-17   0.17633E-07   0.94624E-01   0.31206E-01   0.10856     
     45    0.66955E-18   0.75599E-08   0.64319E-01   0.21448E-01   0.82220E-01 
 
                         ****   MASS-X-PROFILE     **** 
   STAGE     1:3:5-01      NAPHT-01      2:2:3-01 
      1    0.32199E-03   0.28889E-20   0.33761E-02 
      2    0.58013E-03   0.17877E-19   0.35595E-02 
     25    0.95827E-01   0.22073E-05   0.35288E-02 
     26    0.10941       0.84475E-05   0.34664E-02 
     27    0.10989       0.84502E-05   0.35966E-02 
     28    0.11056       0.84539E-05   0.37299E-02 
     29    0.11156       0.84587E-05   0.38655E-02 
     30    0.11308       0.84651E-05   0.40023E-02 
     44    0.76415       0.40555E-04   0.14211E-02 
     45    0.83088       0.12321E-03   0.10098E-02 
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 BLOCK:  COL-404  MODEL: RADFRAC (CONTINUED)          
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     BENZENE       TOLUENE       P-XYL-01      M-XYL-01      O-XYL-01 
      1    0.41636E-07   0.67129E-02   0.70588       0.19806       0.85973E-01 
      2    0.12955E-07   0.37595E-02   0.69935       0.19772       0.95470E-01 
     25    0.52515E-08   0.19171E-02   0.64051       0.18360       0.11364     
     26    0.52507E-08   0.19130E-02   0.63486       0.18200       0.11236     
     27    0.17429E-08   0.11053E-02   0.62786       0.18120       0.12042     
     28    0.57943E-09   0.63891E-03   0.62000       0.18011       0.12918     
     29    0.19296E-09   0.36946E-03   0.61129       0.17872       0.13870     
     30    0.64370E-10   0.21374E-03   0.60166       0.17699       0.14900     
     44    0.89112E-17   0.41513E-07   0.13779       0.44874E-01   0.14103     
     45    0.25136E-17   0.18224E-07   0.96401E-01   0.31779E-01   0.11010     
 
                         ****   MASS-Y-PROFILE     **** 
   STAGE     1:3:5-01      NAPHT-01      2:2:3-01 
      1    0.17821E-03   0.46489E-21   0.31959E-02 
      2    0.32199E-03   0.28889E-20   0.33761E-02 
     25    0.56818E-01   0.38937E-06   0.35198E-02 
     26    0.65391E-01   0.15039E-05   0.34801E-02 
     27    0.65790E-01   0.15087E-05   0.36149E-02 
     28    0.66307E-01   0.15137E-05   0.37530E-02 
     29    0.67031E-01   0.15192E-05   0.38942E-02 
     30    0.68095E-01   0.15255E-05   0.40380E-02 
     44    0.67432       0.11270E-04   0.19735E-02 
     45    0.76024       0.35708E-04   0.14452E-02 
 
 BLOCK:  COL-405  MODEL: SEP              
 --------------------------- 
   INLET STREAM:          S-431    
   OUTLET STREAMS:        S-426       S-428    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1188.87         1188.87        0.191251E-15 
       MASS(LB/HR   )            126260.         126260.        0.115253E-15 
       ENTHALPY(BTU/HR  )        482177.         456759.        0.527144E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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 BLOCK:  COL-405  MODEL: SEP (CONTINUED)              
 
 
                          ***  INPUT DATA  *** 
 
   FLASH SPECS FOR STREAM S-426    
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE CHANGE    F                         0.0         
   SPECIFIED PRESSURE    PSIA                               44.6959      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FLASH SPECS FOR STREAM S-428    
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE CHANGE    F                         0.0         
   SPECIFIED PRESSURE    PSIA                               44.6959      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
   FRACTION OF FEED 
     SUBSTREAM= MIXED    
       STREAM= S-426     CPT= BENZENE   FRACTION=          0.0050000   
                              TOLUENE                      0.0050000   
                              P-XYL-01                     0.97000     
                              M-XYL-01                     0.0050000   
                              O-XYL-01                     0.0050000   
                              N-PEN-01                     0.0050000   
                              1:3:5-01                     0.0050000   
                              METHANOL                     0.0050000   
                              NAPHT-01                     0.0050000   
                              WATER                        0.0050000   
                              CARBO-01                     0.0050000   
                              METHA-01                     0.0050000   
                              ETHYL-01                     0.0050000   
                              NITRO-01                     0.0050000   
                              HYDRO-01                     0.0050000   
                              2:2:3-01                     0.0050000   
 
 
                           ***  RESULTS  *** 
 
   HEAT DUTY             BTU/HR                              -25418.     
 
  COMPONENT = BENZENE  
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-426      MIXED                 0.0050000   
    S-428      MIXED                 0.99500     
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 BLOCK:  COL-405  MODEL: SEP (CONTINUED)              
 
  COMPONENT = TOLUENE  
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-426      MIXED                 0.0050000   
    S-428      MIXED                 0.99500     
 
  COMPONENT = P-XYL-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-426      MIXED                 0.97000     
    S-428      MIXED                 0.030000    
 
  COMPONENT = M-XYL-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-426      MIXED                 0.0050000   
    S-428      MIXED                 0.99500     
 
  COMPONENT = O-XYL-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-426      MIXED                 0.0050000   
    S-428      MIXED                 0.99500     
 
  COMPONENT = 1:3:5-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-426      MIXED                 0.0050000   
    S-428      MIXED                 0.99500     
 
  COMPONENT = 2:2:3-01 
    STREAM     SUBSTREAM    SPLIT FRACTION 
    S-426      MIXED                 0.0050000   
    S-428      MIXED                 0.99500     
 
 BLOCK:  H-101    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-108    
   OUTLET STREAM:         S-109    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            541087.         541087.         0.00000     
       MASS(LB/HR   )           0.486280E+07    0.486280E+07     0.00000     
       ENTHALPY(BTU/HR  )      -0.618108E+10   -0.705502E+10    0.123874     
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 BLOCK:  H-101    MODEL: HEATER (CONTINUED)           
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.604872E+08  LB/HR            
    PRODUCT STREAMS CO2E         0.604872E+08  LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                        90.0000      
   PRESSURE DROP                        PSI                       3.00000     
   MAXIMUM NO. ITERATIONS                                        30 




                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    90.000     
   OUTLET PRESSURE       PSIA                                 94.400     
   HEAT DUTY             BTU/HR                             -0.87394E+09 
   OUTLET VAPOR FRACTION                                     0.99861     




   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      BENZENE          0.30727E-02    0.86233E-01    0.29572E-02    0.34293E-01 
      NAPHT-01         0.22428E-03    0.13922        0.31166E-04    0.22386E-03 
      CARBO-01         0.30401E-01    0.10327E-01    0.30429E-01     2.9465     
      METHA-01         0.27539        0.61240E-01    0.27569         4.5017     
      ETHYL-01         0.42171E-01    0.13702E-01    0.42211E-01     3.0807     
      NITRO-01         0.76587E-02    0.24009E-03    0.76690E-02     31.942     
      HYDRO-01         0.63914        0.62390E-07    0.64003        0.10258E+08 
      2:2:3-01         0.19422E-02    0.68904        0.98755E-03    0.14332E-02 
 
 BLOCK:  H-401    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-423    
   OUTLET STREAM:         S-424    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
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                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1188.87         1188.87         0.00000     
       MASS(LB/HR   )            126260.         126260.         0.00000     
       ENTHALPY(BTU/HR  )       0.391586E+07     402807.        0.897134     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                       302.000       
   PRESSURE DROP                        PSI                       5.00000     
   MAXIMUM NO. ITERATIONS                                        30 




                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    302.00     
   OUTLET PRESSURE       PSIA                                 33.000     
   HEAT DUTY             BTU/HR                             -0.35131E+07 
   OUTLET VAPOR FRACTION                                      0.0000     




   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      BENZENE          0.17613E-07    0.17613E-07    0.65569E-07     2.2808     
      TOLUENE          0.43332E-02    0.43332E-02    0.82661E-02     1.1688     
      P-XYL-01         0.69957        0.69957        0.70777        0.61986     
      M-XYL-01         0.19779        0.19779        0.19721        0.61091     
      O-XYL-01         0.95501E-01    0.95501E-01    0.84279E-01    0.54070     
      1:3:5-01         0.28451E-03    0.28451E-03    0.14508E-03    0.31242     
      2:2:3-01         0.25199E-02    0.25199E-02    0.23314E-02    0.56685     
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 BLOCK:  H-402    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-426    
   OUTLET STREAM:         S-427    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            808.541         808.541         0.00000     
       MASS(LB/HR   )            85840.9         85840.9         0.00000     
       ENTHALPY(BTU/HR  )        555905.       -0.796405E+07     1.06980     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                        90.0000      
   PRESSURE DROP                        PSI                       5.00000     
   MAXIMUM NO. ITERATIONS                                        30 




                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    90.000     
   OUTLET PRESSURE       PSIA                                 39.696     
   HEAT DUTY             BTU/HR                             -0.85200E+07 
   OUTLET VAPOR FRACTION                                      0.0000     
   PRESSURE-DROP CORRELATION PARAMETER                       0.23410E+06 
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   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      BENZENE          0.12949E-09    0.12949E-09    0.11137E-08    0.68027E-01 
      TOLUENE          0.31858E-04    0.31858E-04    0.88882E-04    0.22068E-01 
      P-XYL-01         0.99779        0.99779        0.99796        0.79110E-02 
      M-XYL-01         0.14541E-02    0.14541E-02    0.13955E-02    0.75908E-02 
      O-XYL-01         0.70212E-03    0.70212E-03    0.53831E-03    0.60644E-02 
      1:3:5-01         0.20917E-05    0.20917E-05    0.65180E-06    0.24648E-02 
      2:2:3-01         0.18526E-04    0.18526E-04    0.14661E-04    0.62597E-02 
 
 BLOCK:  H-403    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-428    
   OUTLET STREAM:         S-429    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            380.334         380.334         0.00000     
       MASS(LB/HR   )            40419.6         40419.6         0.00000     
       ENTHALPY(BTU/HR  )       -99145.9       -0.420072E+07    0.976398     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                        90.0000      
   PRESSURE DROP                        PSI                       5.00000     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
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 BLOCK:  H-403    MODEL: HEATER (CONTINUED)           
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    90.000     
   OUTLET PRESSURE       PSIA                                 39.696     
   HEAT DUTY             BTU/HR                             -0.41016E+07 
   OUTLET VAPOR FRACTION                                      0.0000     




   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      BENZENE          0.54782E-07    0.54782E-07    0.44682E-06    0.58930E-01 
      TOLUENE          0.13477E-01    0.13477E-01    0.35486E-01    0.19023E-01 
      P-XYL-01         0.65603E-01    0.65603E-01    0.70672E-01    0.77829E-02 
      M-XYL-01         0.61517        0.61517        0.64428        0.75666E-02 
      O-XYL-01         0.29703        0.29703        0.24300        0.59106E-02 
      1:3:5-01         0.88488E-03    0.88488E-03    0.27936E-03    0.22809E-02 
      2:2:3-01         0.78375E-02    0.78375E-02    0.62879E-02    0.57963E-02 
 
 BLOCK:  H-601    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-103    
   OUTLET STREAM:         S-104    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            533288.         533288.         0.00000     
       MASS(LB/HR   )           0.486280E+07    0.486280E+07     0.00000     
       ENTHALPY(BTU/HR  )      -0.706574E+10   -0.137708E+10   -0.805105     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.653853E+08  LB/HR            
    PRODUCT STREAMS CO2E         0.653853E+08  LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                     1,380.00        
   PRESSURE DROP                        PSI                       3.00000     
   MAXIMUM NO. ITERATIONS                                        30 




                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    1380.0     
   OUTLET PRESSURE       PSIA                                 68.600     
   HEAT DUTY             BTU/HR                              0.60270E+10 
   OUTLET VAPOR FRACTION                                      1.0000     




   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      BENZENE          0.39677E-03    0.20944E-01    0.39677E-03     47.071     
      NAPHT-01         0.82505E-06    0.12336E-03    0.82505E-06     16.502     
      CARBO-01         0.30845E-01    0.15545E-01    0.30845E-01     4972.8     
      METHA-01         0.30232        0.42947        0.30232         1765.0     
      ETHYL-01         0.40634E-01    0.71924E-01    0.40634E-01     1413.3     
      NITRO-01         0.77707E-02    0.72328E-02    0.77707E-02     2695.6     
      HYDRO-01         0.61606        0.61648E-01    0.61606         25154.     
      2:2:3-01         0.19706E-02    0.39311        0.19706E-02     12.144     
 
 BLOCK:  H-602    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-106    
   OUTLET STREAM:         S-107    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            541087.         541087.         0.00000     
       MASS(LB/HR   )           0.486280E+07    0.486280E+07     0.00000     
       ENTHALPY(BTU/HR  )      -0.845160E+09   -0.700075E+10    0.879276     
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                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.604872E+08  LB/HR            
    PRODUCT STREAMS CO2E         0.604872E+08  LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                        104.1854      
   PRESSURE DROP                        PSI                       3.00000     
   MAXIMUM NO. ITERATIONS                                        30 




                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    104.185     
   OUTLET PRESSURE       PSIA                                 35.511     
   HEAT DUTY             BTU/HR                             -0.61556E+10 
   OUTLET VAPOR FRACTION                                      1.0000     




   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      BENZENE          0.30727E-02    0.42833E-01    0.30727E-02    0.76792E-01 
      NAPHT-01         0.22428E-03    0.56993        0.22428E-03    0.42125E-03 
      CARBO-01         0.30401E-01    0.46603E-02    0.30401E-01     6.9829     
      METHA-01         0.27539        0.23285E-01    0.27539         12.660     
      ETHYL-01         0.42171E-01    0.56629E-02    0.42171E-01     7.9716     
      NITRO-01         0.76587E-02    0.88158E-04    0.76587E-02     92.995     
      HYDRO-01         0.63914        0.29463E-07    0.63914        0.23222E+08 
      2:2:3-01         0.19422E-02    0.35354        0.19422E-02    0.58806E-02 
 
 BLOCK:  H-701    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-303    
   OUTLET STREAM:         S-304    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
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                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            6616.72         6616.72         0.00000     
       MASS(LB/HR   )            389977.         389977.         0.00000     
       ENTHALPY(BTU/HR  )      -0.292632E+09   -0.834710E+08   -0.714758     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             10259.4      LB/HR            
    PRODUCT STREAMS CO2E          10259.4      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                       752.000       
   PRESSURE DROP                        PSI                       3.00000     
   MAXIMUM NO. ITERATIONS                                        30 




                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    752.00     
   OUTLET PRESSURE       PSIA                                 47.696     
   HEAT DUTY             BTU/HR                              0.20916E+09 
   OUTLET VAPOR FRACTION                                      1.0000     




   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      BENZENE          0.42064        0.57618        0.42064         13.725     
      TOLUENE          0.63018E-01    0.11578        0.63018E-01     10.236     
      P-XYL-01         0.34181E-04    0.76735E-04    0.34181E-04     8.3746     
      M-XYL-01         0.20834E-04    0.33064E-04    0.20834E-04     11.849     
      O-XYL-01         0.36078E-05    0.61504E-05    0.36078E-05     11.031     
      N-PEN-01         0.98169E-04    0.84216E-04    0.98169E-04     21.920     
      1:3:5-01         0.14850E-05    0.32386E-05    0.14850E-05     8.6232     
      METHANOL         0.42059        0.23073        0.42059         34.279     
      NAPHT-01         0.37107E-05    0.10624E-04    0.37107E-05     6.5678     
      WATER            0.48939E-01    0.13767E-02    0.48939E-01     668.12     
      CARBO-01         0.11671E-02    0.38180E-04    0.11671E-02     574.73     
      METHA-01         0.37379E-02    0.51060E-04    0.37379E-02     1376.5     
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 BLOCK:  H-701    MODEL: HEATER (CONTINUED)           
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      ETHYL-01         0.13021E-02    0.59374E-04    0.13021E-02     412.38     
      NITRO-01         0.26603E-05    0.15702E-07    0.26603E-05     3185.5     
      HYDRO-01         0.15828E-14    0.14216E-18    0.15828E-14    0.20934E+06 
      2:2:3-01         0.40437E-01    0.75572E-01    0.40437E-01     10.062     
 
 BLOCK:  H-704    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-306    
   OUTLET STREAM:         S-307    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            6616.72         6616.72         0.00000     
       MASS(LB/HR   )            389977.         389977.         0.00000     
       ENTHALPY(BTU/HR  )      -0.145765E+09   -0.245980E+09    0.407413     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             10259.4      LB/HR            
    PRODUCT STREAMS CO2E          10259.4      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                       207.784       
   PRESSURE DROP                        PSI                       3.00000     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
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 BLOCK:  H-704    MODEL: HEATER (CONTINUED)           
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    207.78     
   OUTLET PRESSURE       PSIA                                 14.696     
   HEAT DUTY             BTU/HR                             -0.10022E+09 
   OUTLET VAPOR FRACTION                                      1.0000     




   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      BENZENE          0.21608        0.13503        0.21608         1.9945     
      TOLUENE          0.18374        0.25985        0.18374        0.88133     
      P-XYL-01         0.15219E-01    0.50329E-01    0.15219E-01    0.37690     
      M-XYL-01         0.30391E-01    0.10177        0.30391E-01    0.37219     
      O-XYL-01         0.15189E-01    0.62892E-01    0.15189E-01    0.30101     
      N-PEN-01         0.98169E-04    0.16525E-04    0.98169E-04     7.4042     
      1:3:5-01         0.23095E-01    0.18708        0.23095E-01    0.15387     
      METHANOL         0.10911        0.52307E-02    0.10911         25.998     
      NAPHT-01         0.37107E-05    0.13460E-03    0.37107E-05    0.34361E-01 
      WATER            0.36042        0.25388E-02    0.36042         176.94     
      CARBO-01         0.11671E-02    0.34467E-04    0.11671E-02     42.201     
      METHA-01         0.37379E-02    0.34707E-04    0.37379E-02     134.23     
      ETHYL-01         0.13021E-02    0.39613E-04    0.13021E-02     40.969     
      NITRO-01         0.26603E-05    0.37150E-08    0.26603E-05     892.51     
      HYDRO-01         0.15828E-14    0.10592E-21    0.15828E-14    0.18625E+08 
      2:2:3-01         0.40437E-01    0.19502        0.40437E-01    0.25843     
 
 BLOCK:  H-706    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-207    
   OUTLET STREAM:         S-208    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            28609.6         28609.6         0.00000     
       MASS(LB/HR   )           0.406981E+07    0.406981E+07    0.228837E-15 
       ENTHALPY(BTU/HR  )      -0.267757E+10   -0.368631E+10    0.273643     
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 BLOCK:  H-706    MODEL: HEATER (CONTINUED)           
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.348313E-03  LB/HR            
    PRODUCT STREAMS CO2E         0.348313E-03  LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                        90.0000      
   PRESSURE DROP                        PSI                       1.30000     
   MAXIMUM NO. ITERATIONS                                        30 




                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    90.000     
   OUTLET PRESSURE       PSIA                                 14.696     
   HEAT DUTY             BTU/HR                             -0.10087E+10 
   OUTLET VAPOR FRACTION                                      0.0000     




   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      BENZENE          0.35115E-04    0.35115E-04    0.88037E-03    0.24950     
      NAPHT-01         0.20648E-02    0.20648E-02    0.40938E-03    0.19731E-02 
      CARBO-01         0.27595E-09    0.27595E-09    0.48946E-06     17.652     
      METHA-01         0.74963E-13    0.74963E-13    0.18632E-09     24.735     
      ETHYL-01         0.43106E-09    0.43106E-09    0.79291E-06     18.306     
      2:2:3-01         0.99790        0.99790        0.99871        0.99599E-02 
 
 BLOCK:  H-706C   MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-403    
   OUTLET STREAM:         S-404    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
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 BLOCK:  H-706C   MODEL: HEATER (CONTINUED)           
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            6517.06         6517.06         0.00000     
       MASS(LB/HR   )            602695.         602695.         0.00000     
       ENTHALPY(BTU/HR  )      -0.250783E+08    0.356832E+08    -1.70280     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             9760.95      LB/HR            
    PRODUCT STREAMS CO2E          9760.95      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                       302.000       
   PRESSURE DROP                        PSI                       5.00000     
   MAXIMUM NO. ITERATIONS                                        30 




                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    302.00     
   OUTLET PRESSURE       PSIA                                 98.480     
   HEAT DUTY             BTU/HR                              0.60762E+08 
   OUTLET VAPOR FRACTION                                     0.44090E-02 




   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      BENZENE          0.22043        0.22058        0.18473        0.83747     
      TOLUENE          0.47020        0.47135        0.20998        0.44548     
      P-XYL-01         0.13653        0.13700        0.31240E-01    0.22804     
      M-XYL-01         0.43434E-01    0.43578E-01    0.10971E-01    0.25176     
      O-XYL-01         0.20867E-01    0.20942E-01    0.39798E-02    0.19004     
      N-PEN-01         0.81811E-02    0.81150E-02    0.23098E-01     2.8463     
      1:3:5-01         0.27145E-01    0.27251E-01    0.30219E-02    0.11089     
      METHANOL         0.21961E-01    0.21263E-01    0.17958         8.4454     
      NAPHT-01         0.37672E-05    0.37834E-05    0.11541E-06    0.30504E-01 
      WATER            0.42425E-02    0.34029E-02    0.19382         56.959     
      CARBO-01         0.10548E-02    0.10260E-02    0.75424E-02     7.3511     
      METHA-01         0.36187E-02    0.30407E-02    0.13412         44.108     
      ETHYL-01         0.12841E-02    0.12487E-02    0.92911E-02     7.4408     
      NITRO-01         0.20358E-05    0.10011E-05    0.23568E-03     235.43     
      2:2:3-01         0.41054E-01    0.41199E-01    0.83884E-02    0.20361     
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 BLOCK:  H-801    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-408    
   OUTLET STREAM:         S-430    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            5955.67         5955.67         0.00000     
       MASS(LB/HR   )            551473.         551473.         0.00000     
       ENTHALPY(BTU/HR  )       0.173499E+09    0.447444E+08    0.742106     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             117.131      LB/HR            
    PRODUCT STREAMS CO2E          117.131      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                       153.000       
   PRESSURE DROP                        PSI                       3.00000     
   MAXIMUM NO. ITERATIONS                                        30 




                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    153.00     
   OUTLET PRESSURE       PSIA                                 41.696     
   HEAT DUTY             BTU/HR                             -0.12875E+09 
   OUTLET VAPOR FRACTION                                      0.0000     
   PRESSURE-DROP CORRELATION PARAMETER                        69.465     
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 BLOCK:  H-801    MODEL: HEATER (CONTINUED)           
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      BENZENE          0.24096        0.24096        0.49406        0.24913     
      TOLUENE          0.51349        0.51349        0.40602        0.96075E-01 
      P-XYL-01         0.14641        0.14641        0.43383E-01    0.36003E-01 
      M-XYL-01         0.46578E-01    0.46578E-01    0.15255E-01    0.39795E-01 
      O-XYL-01         0.22378E-01    0.22378E-01    0.50007E-02    0.27153E-01 
      N-PEN-01         0.10743E-03    0.10743E-03    0.12655E-02     1.4313     
      1:3:5-01         0.29109E-01    0.29109E-01    0.30037E-02    0.12538E-01 
      METHANOL         0.28838E-03    0.28838E-03    0.87084E-02     3.6692     
      NAPHT-01         0.40399E-05    0.40399E-05    0.73144E-07    0.21999E-02 
      WATER            0.55708E-04    0.55708E-04    0.99907E-02     21.791     
      CARBO-01         0.13850E-04    0.13850E-04    0.12736E-02     11.173     
      METHA-01         0.47517E-04    0.47517E-04    0.10229E-01     26.156     
      ETHYL-01         0.16862E-04    0.16862E-04    0.16253E-02     11.712     
      NITRO-01         0.26732E-07    0.26732E-07    0.43138E-04     196.07     
      2:2:3-01         0.53909E-03    0.53909E-03    0.14359E-03    0.32363E-01 
 
 BLOCK:  H-802    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-504    
   OUTLET STREAM:         S-505    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            4112.60         4112.60         0.00000     
       MASS(LB/HR   )            299245.         299245.        0.389029E-15 
       ENTHALPY(BTU/HR  )      -0.977415E+08    0.962686E+08    -1.98493     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                     1,112.00        
   PRESSURE DROP                        PSI                       3.00000     
   MAXIMUM NO. ITERATIONS                                        30 
   CONVERGENCE TOLERANCE                                          0.000100000 
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 BLOCK:  H-802    MODEL: HEATER (CONTINUED)           
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    1112.0     
   OUTLET PRESSURE       PSIA                                 78.800     
   HEAT DUTY             BTU/HR                              0.19401E+09 
   OUTLET VAPOR FRACTION                                      1.0000     




   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      BENZENE          0.22791E-01    0.58375E-01    0.22791E-01     6.1897     
      TOLUENE          0.64133        0.90729        0.64133         11.206     
      P-XYL-01         0.60965E-02    0.11414E-01    0.60965E-02     8.4682     
      M-XYL-01         0.90253E-02    0.13449E-01    0.90253E-02     10.639     
      O-XYL-01         0.85313E-04    0.15175E-03    0.85313E-04     8.9132     
      N-PEN-01         0.67612E-11    0.11596E-11    0.67612E-11     92.438     
      1:3:5-01         0.11164E-06    0.24546E-06    0.11164E-06     7.2105     
      METHANOL         0.32066        0.93006E-02    0.32066         546.60     
      2:2:3-01         0.90264E-05    0.19563E-04    0.90264E-05     7.3149     
 
 BLOCK:  H-803    MODEL: HEATER           
 ------------------------------ 
   INLET STREAM:          S-310    
   OUTLET STREAM:         S-311    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            10833.8         10833.8         0.00000     
       MASS(LB/HR   )            689223.         689223.         0.00000     
       ENTHALPY(BTU/HR  )      -0.177481E+09   -0.541874E+09    0.672469     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             10259.4      LB/HR            
    PRODUCT STREAMS CO2E          10259.4      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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 BLOCK:  H-803    MODEL: HEATER (CONTINUED)           
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE                F                        90.0000      
   PRESSURE DROP                        PSI                       5.00000     
   MAXIMUM NO. ITERATIONS                                        30 




                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    90.000     
   OUTLET PRESSURE       PSIA                                 14.6959     
   HEAT DUTY             BTU/HR                             -0.36439E+09 
   OUTLET VAPOR FRACTION                                      0.0000     




   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      BENZENE          0.13279        0.13279        0.10043        0.49672     
      TOLUENE          0.28298        0.28298        0.73211E-01    0.16991     
      P-XYL-01         0.82147E-01    0.82147E-01    0.68234E-02    0.54552E-01 
      M-XYL-01         0.26133E-01    0.26133E-01    0.22712E-02    0.57077E-01 
      O-XYL-01         0.12555E-01    0.12555E-01    0.75917E-03    0.39712E-01 
      N-PEN-01         0.49222E-02    0.49222E-02    0.27760E-01     3.7039     
      1:3:5-01         0.16330E-01    0.16330E-01    0.41864E-03    0.16837E-01 
      METHANOL         0.69017E-01    0.69017E-01    0.43581E-01    0.41471     
      NAPHT-01         0.22663E-05    0.22663E-05    0.71697E-08    0.20777E-02 
      WATER            0.34463        0.34463        0.32275        0.61505     
      CARBO-01         0.71278E-03    0.71278E-03    0.24068E-01     22.176     
      METHA-01         0.22829E-02    0.22829E-02    0.34643         99.662     
      ETHYL-01         0.79527E-03    0.79527E-03    0.49080E-01     40.532     
      NITRO-01         0.16248E-05    0.16248E-05    0.79248E-03     320.33     
      2:2:3-01         0.24697E-01    0.24697E-01    0.16221E-02    0.43136E-01 
 
 BLOCK:  M-101    MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-219       S-101    
   OUTLET STREAM:         S-102    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
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 BLOCK:  M-101    MODEL: MIXER (CONTINUED)            
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            533288.         533288.         0.00000     
       MASS(LB/HR   )           0.486280E+07    0.486280E+07     0.00000     
       ENTHALPY(BTU/HR  )      -0.749876E+10   -0.749876E+10     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.653853E+08  LB/HR            
    PRODUCT STREAMS CO2E         0.653853E+08  LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 
 
 BLOCK:  M-201    MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-110       S-214    
   OUTLET STREAM:         S-201    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            543725.         543725.       -0.942965E-06 
       MASS(LB/HR   )           0.494162E+07    0.494162E+07   -0.664515E-07 
       ENTHALPY(BTU/HR  )      -0.712197E+10   -0.712200E+10    0.328664E-05 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.611531E+08  LB/HR            
    PRODUCT STREAMS CO2E         0.611531E+08  LB/HR            
    NET STREAMS CO2E PRODUCTION  0.664968      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION        0.664968      LB/HR            
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 BLOCK:  M-201    MODEL: MIXER (CONTINUED)            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 
 
 BLOCK:  M-203    MODEL: FSPLIT           
 ------------------------------ 
   INLET STREAM:          S-218    
   OUTLET STREAMS:        S-219       PURGE    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            539544.         539544.         0.00000     
       MASS(LB/HR   )           0.474180E+07    0.474180E+07     0.00000     
       ENTHALPY(BTU/HR  )      -0.708150E+10   -0.708150E+10     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.604776E+08  LB/HR            
    PRODUCT STREAMS CO2E         0.604776E+08  LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
  FRACTION OF FLOW                 STRM=PURGE    FRAC=         0.050000    
 
                           ***  RESULTS  *** 
 
  STREAM= S-219          SPLIT=          0.95000     KEY=  0    STREAM-ORDER=   2 
          PURGE                          0.050000          0                    1 
 
 BLOCK:  M-204    MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-209       S-215    
   OUTLET STREAM:         S-216    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
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 BLOCK:  M-204    MODEL: MIXER (CONTINUED)            
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            29060.1         29060.1         0.00000     
       MASS(LB/HR   )           0.413391E+07    0.413391E+07   -0.225289E-15 
       ENTHALPY(BTU/HR  )      -0.374347E+10   -0.374347E+10    0.382135E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.348313E-03  LB/HR            
    PRODUCT STREAMS CO2E         0.348313E-03  LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 
 
 BLOCK:  M-301    MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-212       S-301       S-412       S-320    
   OUTLET STREAM:         S-302    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            6616.72         6616.72       -0.698236E-07 
       MASS(LB/HR   )            389977.         389977.       -0.711994E-07 
       ENTHALPY(BTU/HR  )      -0.292682E+09   -0.292682E+09    0.397168E-07 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             10259.4      LB/HR            
    PRODUCT STREAMS CO2E          10259.4      LB/HR            
    NET STREAMS CO2E PRODUCTION  0.144068E-03  LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION        0.144068E-03  LB/HR            
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 BLOCK:  M-301    MODEL: MIXER (CONTINUED)            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 
 
 BLOCK:  M-302    MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-309       S-508    
   OUTLET STREAM:         S-310    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            10833.8         10833.8         0.00000     
       MASS(LB/HR   )            689223.         689223.         0.00000     
       ENTHALPY(BTU/HR  )      -0.177481E+09   -0.177481E+09    0.167919E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             10259.4      LB/HR            
    PRODUCT STREAMS CO2E          10259.4      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 
 
 BLOCK:  M-501    MODEL: MIXER            
 ----------------------------- 
   INLET STREAMS:         S-417       S-503    
   OUTLET STREAM:         S-504    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
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 BLOCK:  M-501    MODEL: MIXER (CONTINUED)            
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            4112.59         4112.60       -0.497846E-06 
       MASS(LB/HR   )            299245.         299245.       -0.213507E-06 
       ENTHALPY(BTU/HR  )      -0.977412E+08   -0.977415E+08    0.284056E-05 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
   TWO    PHASE      FLASH 
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   OUTLET PRESSURE:  MINIMUM OF INLET STREAM PRESSURES 
 
 BLOCK:  P-201    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-204    
   OUTLET STREAM:         S-205    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            248.335         248.335         0.00000     
       MASS(LB/HR   )            33628.6         33628.6         0.00000     
       ENTHALPY(BTU/HR  )      -0.682965E+07   -0.682390E+07   -0.842021E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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 BLOCK:  P-201    MODEL: PUMP (CONTINUED)             
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  39.6959      
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                         726.958       
    PRESSURE CHANGE  PSI                                   22.3400      
    NPSH AVAILABLE   FT-LBF/LB                              0.0         
    FLUID POWER  HP                                         1.18111     
    BRAKE POWER  HP                                         2.26012     
    ELECTRICITY  KW                                         1.68537     
    PUMP EFFICIENCY USED                                    0.52259     
    NET WORK REQUIRED  HP                                   2.26012     
    HEAD DEVELOPED FT-LBF/LB                               69.5417      
 
 BLOCK:  P-202    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-208    
   OUTLET STREAM:         S-209    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            28609.6         28609.6         0.00000     
       MASS(LB/HR   )           0.406981E+07    0.406981E+07     0.00000     
       ENTHALPY(BTU/HR  )      -0.368631E+10   -0.368528E+10   -0.279607E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.348313E-03  LB/HR            
    PRODUCT STREAMS CO2E         0.348313E-03  LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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 BLOCK:  P-202    MODEL: PUMP (CONTINUED)             
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  68.6000      
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                      86,240.4         
    PRESSURE CHANGE  PSI                                   55.5041      
    NPSH AVAILABLE   FT-LBF/LB                             39.5992      
    FLUID POWER  HP                                       348.123       
    BRAKE POWER  HP                                       405.088       
    ELECTRICITY  KW                                       302.074       
    PUMP EFFICIENCY USED                                    0.85938     
    NET WORK REQUIRED  HP                                 405.088       
    HEAD DEVELOPED FT-LBF/LB                              169.365       
 
 BLOCK:  P-203    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-210    
   OUTLET STREAM:         S-211    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1745.81         1745.81         0.00000     
       MASS(LB/HR   )            151450.         151450.        0.192168E-15 
       ENTHALPY(BTU/HR  )      -0.522122E+07   -0.520137E+07   -0.380208E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             9643.82      LB/HR            
    PRODUCT STREAMS CO2E          9643.82      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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 BLOCK:  P-203    MODEL: PUMP (CONTINUED)             
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  39.6959      
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                       2,932.79        
    PRESSURE CHANGE  PSI                                   25.0000      
    NPSH AVAILABLE   FT-LBF/LB                              0.0         
    FLUID POWER  HP                                         5.33234     
    BRAKE POWER  HP                                         7.80193     
    ELECTRICITY  KW                                         5.81790     
    PUMP EFFICIENCY USED                                    0.68346     
    NET WORK REQUIRED  HP                                   7.80193     
    HEAD DEVELOPED FT-LBF/LB                               69.7131      
 
 BLOCK:  P-301    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-302    
   OUTLET STREAM:         S-303    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            6616.72         6616.72         0.00000     
       MASS(LB/HR   )            389977.         389977.         0.00000     
       ENTHALPY(BTU/HR  )      -0.292682E+09   -0.292632E+09   -0.169714E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             10259.4      LB/HR            
    PRODUCT STREAMS CO2E          10259.4      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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 BLOCK:  P-301    MODEL: PUMP (CONTINUED)             
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  50.6959      
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    2 PHASE FLASH 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                       7,320.77        
    PRESSURE CHANGE  PSI                                   28.0000      
    NPSH AVAILABLE   FT-LBF/LB                              6.35743     
    FLUID POWER  HP                                        14.9077      
    BRAKE POWER  HP                                        19.5219      
    ELECTRICITY  KW                                        14.5575      
    PUMP EFFICIENCY USED                                    0.76364     
    NET WORK REQUIRED  HP                                  19.5219      
    HEAD DEVELOPED FT-LBF/LB                               75.6898      
 
 BLOCK:  P-302    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-311    
   OUTLET STREAM:         S-312    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            10833.8         10833.8         0.00000     
       MASS(LB/HR   )            689223.         689223.         0.00000     
       ENTHALPY(BTU/HR  )      -0.541874E+09   -0.541773E+09   -0.185836E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             10259.4      LB/HR            
    PRODUCT STREAMS CO2E          10259.4      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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 BLOCK:  P-302    MODEL: PUMP (CONTINUED)             
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  44.6959      
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    2 PHASE FLASH 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                      12,453.8         
    PRESSURE CHANGE  PSI                                   35.0000      
    NPSH AVAILABLE   FT-LBF/LB                              8.71347     
    FLUID POWER  HP                                        31.7006      
    BRAKE POWER  HP                                        39.5765      
    ELECTRICITY  KW                                        29.5122      
    PUMP EFFICIENCY USED                                    0.80100     
    NET WORK REQUIRED  HP                                  39.5765      
    HEAD DEVELOPED FT-LBF/LB                               91.0696      
 
 BLOCK:  P-303    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-315    
   OUTLET STREAM:         S-316    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            4316.70         4316.70         0.00000     
       MASS(LB/HR   )            86528.2         86528.2         0.00000     
       ENTHALPY(BTU/HR  )      -0.516408E+09   -0.516398E+09   -0.193415E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             498.424      LB/HR            
    PRODUCT STREAMS CO2E          498.424      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
Section X: Appendix F 
348 
 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   04/01/2013  PAGE 90   
                             ALKYLATION FLOWSHEET                                
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  P-303    MODEL: PUMP (CONTINUED)             
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  41.6959      
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                       1,501.70        
    PRESSURE CHANGE  PSI                                   22.0000      
    NPSH AVAILABLE   FT-LBF/LB                             32.7406      
    FLUID POWER  HP                                         2.40272     
    BRAKE POWER  HP                                         3.92547     
    ELECTRICITY  KW                                         2.92722     
    PUMP EFFICIENCY USED                                    0.61208     
    NET WORK REQUIRED  HP                                   3.92547     
    HEAD DEVELOPED FT-LBF/LB                               54.9808      
 
 BLOCK:  P-304    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-318    
   OUTLET STREAM:         S-319    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            932.665         932.665         0.00000     
       MASS(LB/HR   )            25543.0         25543.0         0.00000     
       ENTHALPY(BTU/HR  )      -0.100884E+09   -0.100879E+09   -0.496847E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             498.424      LB/HR            
    PRODUCT STREAMS CO2E          498.424      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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 BLOCK:  P-304    MODEL: PUMP (CONTINUED)             
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  39.6959      
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                         515.483       
    PRESSURE CHANGE  PSI                                   25.0000      
    NPSH AVAILABLE   FT-LBF/LB                              0.0         
    FLUID POWER  HP                                         0.93724     
    BRAKE POWER  HP                                         1.96994     
    ELECTRICITY  KW                                         1.46898     
    PUMP EFFICIENCY USED                                    0.47577     
    NET WORK REQUIRED  HP                                   1.96994     
    HEAD DEVELOPED FT-LBF/LB                               72.6515      
 
 BLOCK:  P-305    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-321    
   OUTLET STREAM:         S-322    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            3384.04         3384.04         0.00000     
       MASS(LB/HR   )            60985.1         60985.1         0.00000     
       ENTHALPY(BTU/HR  )      -0.407206E+09   -0.407198E+09   -0.197972E-04 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.252315E-08  LB/HR            
    PRODUCT STREAMS CO2E         0.252315E-08  LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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 BLOCK:  P-305    MODEL: PUMP (CONTINUED)             
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  39.6959      
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                       1,067.79        
    PRESSURE CHANGE  PSI                                   23.3200      
    NPSH AVAILABLE   FT-LBF/LB                              0.0         
    FLUID POWER  HP                                         1.81097     
    BRAKE POWER  HP                                         3.16831     
    ELECTRICITY  KW                                         2.36261     
    PUMP EFFICIENCY USED                                    0.57159     
    NET WORK REQUIRED  HP                                   3.16831     
    HEAD DEVELOPED FT-LBF/LB                               58.7966      
 
 BLOCK:  P-401    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-314    
   OUTLET STREAM:         S-402    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            6517.06         6517.06         0.00000     
       MASS(LB/HR   )            602695.         602695.         0.00000     
       ENTHALPY(BTU/HR  )      -0.253682E+08   -0.250783E+08   -0.114280E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             9760.95      LB/HR            
    PRODUCT STREAMS CO2E          9760.95      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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 BLOCK:  P-401    MODEL: PUMP (CONTINUED)             
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                 128.480       
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                      11,457.5         
    PRESSURE CHANGE  PSI                                  108.784       
    NPSH AVAILABLE   FT-LBF/LB                             35.8653      
    FLUID POWER  HP                                        90.6471      
    BRAKE POWER  HP                                       113.938       
    ELECTRICITY  KW                                        84.9635      
    PUMP EFFICIENCY USED                                    0.79558     
    NET WORK REQUIRED  HP                                 113.938       
    HEAD DEVELOPED FT-LBF/LB                              297.798       
 
 BLOCK:  P-402    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-410    
   OUTLET STREAM:         S-411    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1760.13         1760.13         0.00000     
       MASS(LB/HR   )            143193.         143193.        0.203249E-15 
       ENTHALPY(BTU/HR  )       0.368116E+08    0.368309E+08   -0.523466E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             117.131      LB/HR            
    PRODUCT STREAMS CO2E          117.131      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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 BLOCK:  P-402    MODEL: PUMP (CONTINUED)             
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  39.6959      
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                       2,834.20        
    PRESSURE CHANGE  PSI                                   25.0000      
    NPSH AVAILABLE   FT-LBF/LB                              0.0         
    FLUID POWER  HP                                         5.15309     
    BRAKE POWER  HP                                         7.57721     
    ELECTRICITY  KW                                         5.65032     
    PUMP EFFICIENCY USED                                    0.68008     
    NET WORK REQUIRED  HP                                   7.57721     
    HEAD DEVELOPED FT-LBF/LB                               71.2543      
 
 BLOCK:  P-403    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-413    
   OUTLET STREAM:         S-414    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            4195.54         4195.54         0.00000     
       MASS(LB/HR   )            408280.         408280.        0.427704E-15 
       ENTHALPY(BTU/HR  )       0.301415E+08    0.302176E+08   -0.251887E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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 BLOCK:  P-403    MODEL: PUMP (CONTINUED)             
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  55.0000      
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                       8,532.67        
    PRESSURE CHANGE  PSI                                   37.3641      
    NPSH AVAILABLE   FT-LBF/LB                              0.0         
    FLUID POWER  HP                                        23.1865      
    BRAKE POWER  HP                                        29.9141      
    ELECTRICITY  KW                                        22.3069      
    PUMP EFFICIENCY USED                                    0.77511     
    NET WORK REQUIRED  HP                                  29.9141      
    HEAD DEVELOPED FT-LBF/LB                              112.446       
 
 BLOCK:  P-404    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-416    
   OUTLET STREAM:         S-417    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            2793.83         2793.83         0.00000     
       MASS(LB/HR   )            256989.         256989.         0.00000     
       ENTHALPY(BTU/HR  )       0.374632E+08    0.375222E+08   -0.157335E-02 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
Section X: Appendix F 
354 
 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   04/01/2013  PAGE 96   
                             ALKYLATION FLOWSHEET                                
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  P-404    MODEL: PUMP (CONTINUED)             
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  78.8000      
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    2 PHASE FLASH 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                       5,423.92        
    PRESSURE CHANGE  PSI                                   43.5000      
    NPSH AVAILABLE   FT-LBF/LB                              0.0         
    FLUID POWER  HP                                        17.1593      
    BRAKE POWER  HP                                        23.2019      
    ELECTRICITY  KW                                        17.3016      
    PUMP EFFICIENCY USED                                    0.73957     
    NET WORK REQUIRED  HP                                  23.2019      
    HEAD DEVELOPED FT-LBF/LB                              132.206       
 
 BLOCK:  P-405    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-418    
   OUTLET STREAM:         S-419    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1401.71         1401.71         0.00000     
       MASS(LB/HR   )            151290.         151290.         0.00000     
       ENTHALPY(BTU/HR  )        694016.         737856.       -0.594163E-01 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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 BLOCK:  P-405    MODEL: PUMP (CONTINUED)             
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  78.5000      
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                       3,345.86        
    PRESSURE CHANGE  PSI                                   49.3000      
    NPSH AVAILABLE   FT-LBF/LB                              0.0         
    FLUID POWER  HP                                        11.9964      
    BRAKE POWER  HP                                        17.2301      
    ELECTRICITY  KW                                        12.8484      
    PUMP EFFICIENCY USED                                    0.69625     
    NET WORK REQUIRED  HP                                  17.2301      
    HEAD DEVELOPED FT-LBF/LB                              157.002       
 
 BLOCK:  P-406    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-424    
   OUTLET STREAM:         S-425    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1188.87         1188.87         0.00000     
       MASS(LB/HR   )            126260.         126260.         0.00000     
       ENTHALPY(BTU/HR  )        402807.         482177.       -0.164606     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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 BLOCK:  P-406    MODEL: PUMP (CONTINUED)             
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                 139.696       
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    2 PHASE FLASH 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                       2,716.86        
    PRESSURE CHANGE  PSI                                  106.696       
    NPSH AVAILABLE   FT-LBF/LB                             41.4705      
    FLUID POWER  HP                                        21.0820      
    BRAKE POWER  HP                                        31.1933      
    ELECTRICITY  KW                                        23.2608      
    PUMP EFFICIENCY USED                                    0.67585     
    NET WORK REQUIRED  HP                                  31.1933      
    HEAD DEVELOPED FT-LBF/LB                              330.606       
 
 BLOCK:  P-501    MODEL: PUMP             
 ---------------------------- 
   INLET STREAM:          S-502    
   OUTLET STREAM:         S-503    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1318.76         1318.76         0.00000     
       MASS(LB/HR   )            42256.0         42256.0         0.00000     
       ENTHALPY(BTU/HR  )      -0.135279E+09   -0.135263E+09   -0.117104E-03 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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 BLOCK:  P-501    MODEL: PUMP (CONTINUED)             
 
                          ***  INPUT DATA  *** 
    OUTLET PRESSURE  PSIA                                  78.8000      
    DRIVER EFFICIENCY                                       1.00000     
 
    FLASH SPECIFICATIONS: 
    LIQUID PHASE CALCULATION 
    NO FLASH PERFORMED 
    MAXIMUM NUMBER OF ITERATIONS                            30 
    TOLERANCE                                               0.000100000 
 
                           ***  RESULTS  *** 
    VOLUMETRIC FLOW RATE  CUFT/HR                         853.649       
    PRESSURE CHANGE  PSI                                   54.5041      
    NPSH AVAILABLE   FT-LBF/LB                             35.6523      
    FLUID POWER  HP                                         3.38381     
    BRAKE POWER  HP                                         6.22603     
    ELECTRICITY  KW                                         4.64275     
    PUMP EFFICIENCY USED                                    0.54349     
    NET WORK REQUIRED  HP                                   6.22603     
    HEAD DEVELOPED FT-LBF/LB                              158.556       
 
 BLOCK:  R-101    MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAM:          S-105    
   OUTLET STREAM:         S-106    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         533288.       541087.       7799.14       0.00000     
   MASS(LB/HR   )        0.486280E+07  0.486280E+07               -0.191520E-15 
   ENTHALPY(BTU/HR  )   -0.137708E+10 -0.845160E+09               -0.386267     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.653853E+08  LB/HR            
    PRODUCT STREAMS CO2E         0.604872E+08  LB/HR            
    NET STREAMS CO2E PRODUCTION -0.489810E+07  LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION       -0.489810E+07  LB/HR            
 
                          ***  INPUT DATA  *** 
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 BLOCK:  R-101    MODEL: RSTOIC (CONTINUED)           
   STOICHIOMETRY MATRIX: 
 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     METHA-01  -2.00    ETHYL-01   1.00    HYDRO-01   2.00     
 
    REACTION #   2: 
     SUBSTREAM MIXED   : 
     BENZENE    1.00    METHA-01  -6.00    HYDRO-01   9.00     
 
    REACTION #   3: 
     SUBSTREAM MIXED   : 
     NAPHT-01   1.00    METHA-01  -10.0    HYDRO-01   16.0     
 
 
   REACTION CONVERSION SPECS: NUMBER=    3 
     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:METHA-01 CONV FRAC: 0.1425E-01 
     REACTION #   2: 
     SUBSTREAM:MIXED    KEY COMP:METHA-01 CONV FRAC: 0.5400E-01 
     REACTION #   3: 





   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                               1,292.00        
   SPECIFIED PRESSURE    PSIA                               38.5113      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SIMULTANEOUS REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    1292.0     
   OUTLET PRESSURE       PSIA                                 38.511     
   HEAT DUTY             BTU/HR                              0.53192E+09 
   VAPOR FRACTION                                             1.0000     
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 BLOCK:  R-101    MODEL: RSTOIC (CONTINUED)           
 
   HEAT OF REACTIONS: 
 
     REACTION          REFERENCE          HEAT OF  
     NUMBER            COMPONENT          REACTION 
                                           BTU/LBMOL        
      1                   METHA-01           43329.     
      2                   METHA-01           37981.     
      3                   METHA-01           38516.     
 
   REACTION EXTENTS: 
 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        LBMOL/HR         
      1                  1148.7     
      2                  1451.0     
      3                  120.92     
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      BENZENE          0.30727E-02    0.15435        0.30727E-02     67.468     
      NAPHT-01         0.22428E-03    0.34881E-01    0.22428E-03     21.694     
      CARBO-01         0.30401E-01    0.13363E-01    0.30401E-01     7750.1     
      METHA-01         0.27539        0.33388        0.27539         2811.4     
      ETHYL-01         0.42171E-01    0.64795E-01    0.42171E-01     2215.6     
      NITRO-01         0.76587E-02    0.61200E-02    0.76587E-02     4266.3     
      HYDRO-01         0.63914        0.54514E-01    0.63914         40032.     
      2:2:3-01         0.19422E-02    0.33810        0.19422E-02     19.279     
 
 BLOCK:  R-301    MODEL: RSTOIC           
 ------------------------------ 
   INLET STREAM:          S-305    
   OUTLET STREAM:         S-306    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         6616.72       6616.72       0.00000       0.00000     
   MASS(LB/HR   )         389977.       389977.                   -0.298518E-15 
   ENTHALPY(BTU/HR  )   -0.834710E+08 -0.145765E+09                0.427358     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             10259.4      LB/HR            
    PRODUCT STREAMS CO2E          10259.4      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
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 BLOCK:  R-301    MODEL: RSTOIC (CONTINUED)           
   STOICHIOMETRY MATRIX: 
 
    REACTION #   1: 
     SUBSTREAM MIXED   : 
     BENZENE   -1.00    TOLUENE    1.00    METHANOL  -1.00    WATER      1.00     
 
    REACTION #   2: 
     SUBSTREAM MIXED   : 
     BENZENE   -1.00    P-XYL-01   1.00    METHANOL  -2.00    WATER      2.00     
 
    REACTION #   3: 
     SUBSTREAM MIXED   : 
     BENZENE   -1.00    M-XYL-01   1.00    METHANOL  -2.00    WATER      2.00     
 
    REACTION #   4: 
     SUBSTREAM MIXED   : 
     BENZENE   -1.00    O-XYL-01   1.00    METHANOL  -2.00    WATER      2.00     
 
    REACTION #   5: 
     SUBSTREAM MIXED   : 
     BENZENE   -1.00    1:3:5-01   1.00    METHANOL  -3.00    WATER      3.00     
 
 
   REACTION CONVERSION SPECS: NUMBER=    5 
     REACTION #   1: 
     SUBSTREAM:MIXED    KEY COMP:BENZENE  CONV FRAC: 0.2870     
     REACTION #   2: 
     SUBSTREAM:MIXED    KEY COMP:BENZENE  CONV FRAC: 0.3610E-01 
     REACTION #   3: 
     SUBSTREAM:MIXED    KEY COMP:BENZENE  CONV FRAC: 0.7220E-01 
     REACTION #   4: 
     SUBSTREAM:MIXED    KEY COMP:BENZENE  CONV FRAC: 0.3610E-01 
     REACTION #   5: 





   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                                 752.000       
   SPECIFIED PRESSURE    PSIA                               17.6959      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
   SIMULTANEOUS REACTIONS 
   GENERATE COMBUSTION REACTIONS FOR FEED SPECIES          NO   
Section X: Appendix F 
361 
 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   04/01/2013  PAGE 103  
                             ALKYLATION FLOWSHEET                                
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  R-301    MODEL: RSTOIC (CONTINUED)           
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    752.00     
   OUTLET PRESSURE       PSIA                                 17.696     
   HEAT DUTY             BTU/HR                             -0.62294E+08 




   REACTION EXTENTS: 
 
      REACTION          REACTION 
      NUMBER            EXTENT   
                        LBMOL/HR         
      1                  798.80     
      2                  100.48     
      3                  200.95     
      4                  100.48     
      5                  152.80     
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      BENZENE          0.21608        0.33149        0.21608         33.663     
      TOLUENE          0.18374        0.34093        0.18374         27.834     
      P-XYL-01         0.15219E-01    0.32795E-01    0.15219E-01     23.966     
      M-XYL-01         0.30391E-01    0.58356E-01    0.30391E-01     26.895     
      O-XYL-01         0.15189E-01    0.31796E-01    0.15189E-01     24.670     
      N-PEN-01         0.98169E-04    0.10123E-03    0.98169E-04     50.079     
      1:3:5-01         0.23095E-01    0.60534E-01    0.23095E-01     19.703     
      METHANOL         0.10911        0.41064E-01    0.10911         137.23     
      NAPHT-01         0.37107E-05    0.12131E-04    0.37107E-05     15.797     
      WATER            0.36042        0.67753E-02    0.36042         2747.3     
      CARBO-01         0.11671E-02    0.44904E-04    0.11671E-02     1342.2     
      METHA-01         0.37379E-02    0.65127E-04    0.37379E-02     2964.0     
      ETHYL-01         0.13021E-02    0.78233E-04    0.13021E-02     859.54     
      NITRO-01         0.26603E-05    0.18451E-07    0.26603E-05     7445.9     
      HYDRO-01         0.15828E-14    0.17292E-18    0.15828E-14    0.47269E+06 
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 BLOCK:  R-301    MODEL: RSTOIC (CONTINUED)           
 
   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      2:2:3-01         0.40437E-01    0.95961E-01    0.40437E-01     21.762     
 
 BLOCK:  R-501    MODEL: RYIELD           
 ------------------------------ 
   INLET STREAM:          S-506    
   OUTLET STREAM:         S-507    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
 
     *********************************************************************** 
     *                                                                     * 
     *     SPECIFIED YIELDS HAVE BEEN NORMALIZED TO MAINTAIN MASS BALANCE  *    
     *                                                                     * 
     *********************************************************************** 
 
 
                      ***  MASS AND ENERGY BALANCE  *** 
                              IN          OUT       GENERATION   RELATIVE DIFF. 
   TOTAL BALANCE 
   MOLE(LBMOL/HR)         4112.60       4217.04       104.447     -0.215671E-15 
   MASS(LB/HR   )         299245.       299245.                    0.194515E-15 
   ENTHALPY(BTU/HR  )    0.962686E+08  0.531197E+08                0.448214     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
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 BLOCK:  R-501    MODEL: RYIELD (CONTINUED)           
 
                          ***  INPUT DATA  *** 
   TWO    PHASE  TP  FLASH 
   SPECIFIED TEMPERATURE F                               1,112.00        
   SPECIFIED PRESSURE    PSIA                               42.7487      
   MAXIMUM NO. ITERATIONS                                   30 
   CONVERGENCE TOLERANCE                                     0.000100000 
 
    MASS-YIELD   
     SUBSTREAM MIXED   : 
     BENZENE   0.230E-02    TOLUENE   0.570        P-XYL-01  0.280     
     M-XYL-01  0.291E-01    O-XYL-01  0.126E-01    N-PEN-01  0.127E-01 
     1:3:5-01  0.968E-02    METHANOL  0.276E-02    WATER     0.812E-01 
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 BLOCK:  R-501    MODEL: RYIELD (CONTINUED)           
 
                           ***  RESULTS  *** 
   OUTLET TEMPERATURE    F                                    1112.0     
   OUTLET PRESSURE       PSIA                                 42.749     
   HEAT DUTY             BTU/HR                             -0.43149E+08 




   V-L PHASE EQUILIBRIUM :  
 
      COMP              F(I)           X(I)           Y(I)           K(I)       
      BENZENE          0.20895E-02    0.41129E-02    0.20895E-02     12.283     
      TOLUENE          0.43870        0.59421        0.43870         17.847     
      P-XYL-01         0.18716        0.33564        0.18716         13.480     
      M-XYL-01         0.19451E-01    0.30426E-01    0.19451E-01     15.454     
      O-XYL-01         0.84222E-02    0.14672E-01    0.84222E-02     13.876     
      N-PEN-01         0.12491E-01    0.22404E-02    0.12491E-01     134.78     
      1:3:5-01         0.57153E-02    0.12218E-01    0.57153E-02     11.308     
      METHANOL         0.61127E-02    0.33575E-03    0.61127E-02     440.02     
      WATER            0.31986        0.61484E-02    0.31986         1257.5     
 
 BLOCK:  V-101    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-104    
   OUTLET STREAM:         S-105    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            533288.         533288.         0.00000     
       MASS(LB/HR   )           0.486280E+07    0.486280E+07     0.00000     
       ENTHALPY(BTU/HR  )      -0.137708E+10   -0.137708E+10     0.00000     
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 BLOCK:  V-101    MODEL: VALVE (CONTINUED)            
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.653853E+08  LB/HR            
    PRODUCT STREAMS CO2E         0.653853E+08  LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    VALVE PRESSURE DROP       PSI                          25.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                         43.6000      
 
 BLOCK:  V-102    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-109    
   OUTLET STREAM:         S-110    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            541087.         541087.         0.00000     
       MASS(LB/HR   )           0.486280E+07    0.486280E+07     0.00000     
       ENTHALPY(BTU/HR  )      -0.705502E+10   -0.705502E+10     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.604872E+08  LB/HR            
    PRODUCT STREAMS CO2E         0.604872E+08  LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    VALVE PRESSURE DROP       PSI                          25.0000      
    VALVE FLOW COEF CALC.                                 NO   
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 BLOCK:  V-102    MODEL: VALVE (CONTINUED)            
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                         69.4000      
 
 BLOCK:  V-201    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-202    
   OUTLET STREAM:         S-203    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            33241.3         33241.3         0.00000     
       MASS(LB/HR   )           0.433372E+07    0.433372E+07     0.00000     
       ENTHALPY(BTU/HR  )      -0.378396E+10   -0.378396E+10     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             675515.      LB/HR            
    PRODUCT STREAMS CO2E          675515.      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    VALVE OUTLET PRESSURE     PSIA                         15.3000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE PRESSURE DROP       PSI                          54.0000      
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 BLOCK:  V-203    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-211    
   OUTLET STREAM:         S-212    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1745.81         1745.81         0.00000     
       MASS(LB/HR   )            151450.         151450.         0.00000     
       ENTHALPY(BTU/HR  )      -0.520137E+07   -0.520137E+07     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             9643.82      LB/HR            
    PRODUCT STREAMS CO2E          9643.82      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    VALVE PRESSURE DROP       PSI                          25.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                         14.6959      
 
 BLOCK:  V-209    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-205    
   OUTLET STREAM:         PROD-N   
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
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 BLOCK:  V-209    MODEL: VALVE (CONTINUED)            
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            248.335         248.335         0.00000     
       MASS(LB/HR   )            33628.6         33628.6         0.00000     
       ENTHALPY(BTU/HR  )      -0.682390E+07   -0.682390E+07     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    VALVE PRESSURE DROP       PSI                          25.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                         14.6959      
 
 BLOCK:  V-213R   MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-217    
   OUTLET STREAM:         S-218    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            539544.         539544.         0.00000     
       MASS(LB/HR   )           0.474180E+07    0.474180E+07     0.00000     
       ENTHALPY(BTU/HR  )      -0.708150E+10   -0.708150E+10     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.604776E+08  LB/HR            
    PRODUCT STREAMS CO2E         0.604776E+08  LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
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 BLOCK:  V-213R   MODEL: VALVE (CONTINUED)            
    VALVE PRESSURE DROP       PSI                          25.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                         43.6000      
 
 BLOCK:  V-302    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-308    
   OUTLET STREAM:         S-309    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            6616.72         6616.72         0.00000     
       MASS(LB/HR   )            389977.         389977.         0.00000     
       ENTHALPY(BTU/HR  )      -0.230600E+09   -0.230600E+09     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             10259.4      LB/HR            
    PRODUCT STREAMS CO2E          10259.4      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    VALVE PRESSURE DROP       PSI                          25.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                         17.6959      
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 BLOCK:  V-303    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-312    
   OUTLET STREAM:         S-313    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            10833.8         10833.8         0.00000     
       MASS(LB/HR   )            689223.         689223.         0.00000     
       ENTHALPY(BTU/HR  )      -0.541773E+09   -0.541773E+09     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             10259.4      LB/HR            
    PRODUCT STREAMS CO2E          10259.4      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    VALVE PRESSURE DROP       PSI                          25.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                         19.6959      
 
 BLOCK:  V-304    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-304    
   OUTLET STREAM:         S-305    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
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 BLOCK:  V-304    MODEL: VALVE (CONTINUED)            
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            6616.72         6616.72         0.00000     
       MASS(LB/HR   )            389977.         389977.         0.00000     
       ENTHALPY(BTU/HR  )      -0.834710E+08   -0.834710E+08     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             10259.4      LB/HR            
    PRODUCT STREAMS CO2E          10259.4      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    VALVE PRESSURE DROP       PSI                          25.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                         22.6959      
 
 BLOCK:  V-305    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-316    
   OUTLET STREAM:         S-317    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            4316.70         4316.70         0.00000     
       MASS(LB/HR   )            86528.2         86528.2         0.00000     
       ENTHALPY(BTU/HR  )      -0.516398E+09   -0.516398E+09     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             498.424      LB/HR            
    PRODUCT STREAMS CO2E          498.424      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
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 BLOCK:  V-305    MODEL: VALVE (CONTINUED)            
    VALVE PRESSURE DROP       PSI                          25.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                         16.6959      
 
 BLOCK:  V-306    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-319    
   OUTLET STREAM:         S-320    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            932.665         932.665         0.00000     
       MASS(LB/HR   )            25543.0         25543.0         0.00000     
       ENTHALPY(BTU/HR  )      -0.100879E+09   -0.100879E+09     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             498.424      LB/HR            
    PRODUCT STREAMS CO2E          498.424      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    VALVE PRESSURE DROP       PSI                          25.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                         14.6959      
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 BLOCK:  V-307    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-322    
   OUTLET STREAM:         PROD-WAT 
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            3384.04         3384.04         0.00000     
       MASS(LB/HR   )            60985.1         60985.1         0.00000     
       ENTHALPY(BTU/HR  )      -0.407198E+09   -0.407198E+09     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E            0.252315E-08  LB/HR            
    PRODUCT STREAMS CO2E         0.252315E-08  LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    VALVE PRESSURE DROP       PSI                          25.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                         14.6959      
 
 BLOCK:  V-401    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-402    
   OUTLET STREAM:         S-403    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
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 BLOCK:  V-401    MODEL: VALVE (CONTINUED)            
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            6517.06         6517.06         0.00000     
       MASS(LB/HR   )            602695.         602695.         0.00000     
       ENTHALPY(BTU/HR  )      -0.250783E+08   -0.250783E+08     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             9760.95      LB/HR            
    PRODUCT STREAMS CO2E          9760.95      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    VALVE PRESSURE DROP       PSI                          25.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                        103.480       
 
 BLOCK:  V-402    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-404    
   OUTLET STREAM:         S-405    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            6517.06         6517.06         0.00000     
       MASS(LB/HR   )            602695.         602695.         0.00000     
       ENTHALPY(BTU/HR  )       0.356832E+08    0.356832E+08     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             9760.95      LB/HR            
    PRODUCT STREAMS CO2E          9760.95      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
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 BLOCK:  V-402    MODEL: VALVE (CONTINUED)            
    VALVE PRESSURE DROP       PSI                          25.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                         73.4800      
 
 BLOCK:  V-404    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-411    
   OUTLET STREAM:         S-412    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1760.13         1760.13         0.00000     
       MASS(LB/HR   )            143193.         143193.         0.00000     
       ENTHALPY(BTU/HR  )       0.368309E+08    0.368309E+08     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             117.131      LB/HR            
    PRODUCT STREAMS CO2E          117.131      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    VALVE PRESSURE DROP       PSI                          25.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                         14.6959      
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 BLOCK:  V-405    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-414    
   OUTLET STREAM:         S-415    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            4195.54         4195.54         0.00000     
       MASS(LB/HR   )            408280.         408280.         0.00000     
       ENTHALPY(BTU/HR  )       0.302176E+08    0.302176E+08     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    VALVE PRESSURE DROP       PSI                          25.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                         30.0000      
 
 BLOCK:  V-406    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-421    
   OUTLET STREAM:         S-422    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
Section X: Appendix F 
377 
 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   04/01/2013  PAGE 119  
                             ALKYLATION FLOWSHEET                                
                              U-O-S BLOCK SECTION                                
 
 BLOCK:  V-406    MODEL: VALVE (CONTINUED)            
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            212.833         212.833         0.00000     
       MASS(LB/HR   )            25029.9         25029.9        0.290691E-15 
       ENTHALPY(BTU/HR  )      -0.110694E+07   -0.110694E+07   -0.210338E-15 
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    VALVE PRESSURE DROP       PSI                          25.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                         19.1600      
 
 BLOCK:  V-407    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-427    
   OUTLET STREAM:         PROD-PX  
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            808.541         808.541         0.00000     
       MASS(LB/HR   )            85840.9         85840.9         0.00000     
       ENTHALPY(BTU/HR  )      -0.796405E+07   -0.796405E+07     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
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 BLOCK:  V-407    MODEL: VALVE (CONTINUED)            
    VALVE PRESSURE DROP       PSI                          25.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                         14.6959      
 
 BLOCK:  V-408    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-429    
   OUTLET STREAM:         PROD-MX  
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            380.334         380.334         0.00000     
       MASS(LB/HR   )            40419.6         40419.6         0.00000     
       ENTHALPY(BTU/HR  )      -0.420072E+07   -0.420072E+07     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    VALVE PRESSURE DROP       PSI                          25.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                         14.6959      
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 BLOCK:  V-409    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-419    
   OUTLET STREAM:         S-420    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1401.71         1401.71         0.00000     
       MASS(LB/HR   )            151290.         151290.         0.00000     
       ENTHALPY(BTU/HR  )        737856.         737856.         0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    VALVE PRESSURE DROP       PSI                          25.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                         53.5000      
 
 BLOCK:  V-410    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-425    
   OUTLET STREAM:         S-431    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
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 BLOCK:  V-410    MODEL: VALVE (CONTINUED)            
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            1188.87         1188.87         0.00000     
       MASS(LB/HR   )            126260.         126260.         0.00000     
       ENTHALPY(BTU/HR  )        482177.         482177.         0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    VALVE PRESSURE DROP       PSI                          25.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                        114.696       
 
 BLOCK:  V-413    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-430    
   OUTLET STREAM:         S-409    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            5955.67         5955.67         0.00000     
       MASS(LB/HR   )            551473.         551473.         0.00000     
       ENTHALPY(BTU/HR  )       0.447444E+08    0.447444E+08     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             117.131      LB/HR            
    PRODUCT STREAMS CO2E          117.131      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
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 BLOCK:  V-413    MODEL: VALVE (CONTINUED)            
    VALVE PRESSURE DROP       PSI                          25.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                         16.6959      
 
 BLOCK:  V-501    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-505    
   OUTLET STREAM:         S-506    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            4112.60         4112.60         0.00000     
       MASS(LB/HR   )            299245.         299245.         0.00000     
       ENTHALPY(BTU/HR  )       0.962686E+08    0.962686E+08     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    VALVE PRESSURE DROP       PSI                          25.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                         50.8000      
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 BLOCK:  V-502    MODEL: VALVE            
 ----------------------------- 
   INLET STREAM:          S-507    
   OUTLET STREAM:         S-508    
   PROPERTY OPTION SET:   UNIQ-RK   UNIQUAC / REDLICH-KWONG                      
 
                      ***  MASS AND ENERGY BALANCE  *** 
                                    IN              OUT        RELATIVE DIFF. 
    TOTAL BALANCE 
       MOLE(LBMOL/HR)            4217.04         4217.04         0.00000     
       MASS(LB/HR   )            299245.         299245.         0.00000     
       ENTHALPY(BTU/HR  )       0.531197E+08    0.531197E+08     0.00000     
 
                      ***  CO2 EQUIVALENT SUMMARY *** 
    FEED STREAMS CO2E             0.00000      LB/HR            
    PRODUCT STREAMS CO2E          0.00000      LB/HR            
    NET STREAMS CO2E PRODUCTION   0.00000      LB/HR            
    UTILITIES CO2E PRODUCTION     0.00000      LB/HR            
    TOTAL CO2E PRODUCTION         0.00000      LB/HR            
 
                          ***  INPUT DATA  *** 
 
    VALVE PRESSURE DROP       PSI                          25.0000      
    VALVE FLOW COEF CALC.                                 NO   
 
                          FLASH SPECIFICATIONS: 
    NPHASE                                                  2 
    MAX NUMBER OF ITERATIONS                               30 
    CONVERGENCE TOLERANCE                                   0.000100000 
 
                          ***  RESULTS  *** 
 
    VALVE OUTLET PRESSURE     PSIA                         17.7487      
Section X: Appendix F 
383 
 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   04/01/2013  PAGE 125  
                             ALKYLATION FLOWSHEET                                
                                 STREAM SECTION                                  
 
 PROD-MX PROD-N PROD-PX PROD-WAT PURGE            
 ------------------------------------- 
 
 STREAM ID               PROD-MX    PROD-N     PROD-PX    PROD-WAT   PURGE    
 FROM :                  V-408      V-209      V-407      V-307      M-203    
 TO   :                  ----       ----       ----       ----       ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     MIXED      LIQUID     MIXED      VAPOR   
 COMPONENTS: LBMOL/HR         
   BENZENE             2.0835-05  4.1640-11  1.0470-07  3.7579-15    11.1365 
   TOLUENE                5.1259     0.0     2.5758-02  5.0338-16     0.0    
   P-XYL-01              24.9512     0.0      806.7551  2.6038-17     0.0    
   M-XYL-01             233.9690     0.0        1.1757  4.6043-18     0.0    
   O-XYL-01             112.9705     0.0        0.5677  6.4592-18     0.0    
   N-PEN-01               0.0        0.0        0.0     4.9020-26     0.0    
   1:3:5-01               0.3366     0.0     1.6912-03  1.0607-19     0.0    
   METHANOL               0.0        0.0        0.0        1.4758     0.0    
   NAPHT-01               0.0      120.8692     0.0     2.7229-20  2.3157-02 
   WATER                  0.0        0.0        0.0     3382.5627     0.0    
   CARBO-01               0.0     3.9167-20     0.0     5.7332-11   822.1359 
   METHA-01               0.0     6.0140-21     0.0     7.4881-16  7449.3343 
   ETHYL-01               0.0     2.4833-31     0.0     5.9275-15  1140.5099 
   NITRO-01               0.0        0.0        0.0     3.0228-18   207.2010 
   HYDRO-01               0.0        0.0        0.0        0.0     1.7292+04 
   2:2:3-01               2.9809   127.4656  1.4979-02  4.8695-24    55.3099 
 COMPONENTS: LB/HR            
   BENZENE             1.6275-03  3.2526-09  8.1786-06  2.9354-13   869.9127 
   TOLUENE              472.3011     0.0        2.3734  4.6382-14     0.0    
   P-XYL-01            2649.0027     0.0     8.5651+04  2.7644-15     0.0    
   M-XYL-01            2.4840+04     0.0      124.8235  4.8883-16     0.0    
   O-XYL-01            1.1994+04     0.0       60.2703  6.8575-16     0.0    
   N-PEN-01               0.0        0.0        0.0     3.5368-24     0.0    
   1:3:5-01              40.4515     0.0        0.2033  1.2749-17     0.0    
   METHANOL               0.0        0.0        0.0       47.2871     0.0    
   NAPHT-01               0.0     1.5492+04     0.0     3.4901-18     2.9682 
   WATER                  0.0        0.0        0.0     6.0938+04     0.0    
   CARBO-01               0.0     1.7237-18     0.0     2.5232-09  3.6182+04 
   METHA-01               0.0     9.6481-20     0.0     1.2013-14  1.1951+05 
   ETHYL-01               0.0     6.9667-30     0.0     1.6629-13  3.1996+04 
   NITRO-01               0.0        0.0        0.0     8.4679-17  5804.4220 
   HYDRO-01               0.0        0.0        0.0        0.0     3.4858+04 
   2:2:3-01             424.1304  1.8136+04     2.1313  6.9286-22  7869.7486 
 TOTAL FLOW:      
   LBMOL/HR             380.3340   248.3348   808.5409  3384.0385  2.6977+04 
   LB/HR               4.0420+04  3.3629+04  8.5841+04  6.0985+04  2.3709+05 
   CUFT/HR              752.3893  9151.7114  1608.2401  1.1072+04  3.6856+06 
 STATE VARIABLES: 
   TEMP   F              90.1477   342.1157    90.1520   211.9045    95.2287 
   PRES   PSIA           14.6959    14.6959    14.6959    14.6959    43.6000 
   VFRAC                  0.0     6.0512-02     0.0     6.0778-03     1.0000 
   LFRAC                  1.0000     0.9395     1.0000     0.9939     0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 PROD-MX PROD-N PROD-PX PROD-WAT PURGE (CONTINUED)    
 
 STREAM ID               PROD-MX    PROD-N     PROD-PX    PROD-WAT   PURGE    
 
 ENTHALPY:        
   BTU/LBMOL          -1.1045+04 -2.7479+04 -9849.9054 -1.2033+05 -1.3125+04 
   BTU/LB              -103.9279  -202.9195   -92.7769 -6677.0106 -1493.4188 
   BTU/HR             -4.2007+06 -6.8239+06 -7.9641+06 -4.0720+08 -3.5408+08 
 ENTROPY:         
   BTU/LBMOL-R         -105.2837  -151.1253  -106.7346   -34.7731    -6.4068 
   BTU/LB-R              -0.9907    -1.1160    -1.0053    -1.9295    -0.7290 
 DENSITY:         
   LBMOL/CUFT             0.5055  2.7135-02     0.5027     0.3056  7.3197-03 
   LB/CUFT               53.7216     3.6746    53.3757     5.5081  6.4329-02 
 AVG MW                 106.2738   135.4165   106.1677    18.0214     8.7885 
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 S-101 S-102 S-103 S-104 S-105                    
 ----------------------------- 
 
 STREAM ID               S-101      S-102      S-103      S-104      S-105    
 FROM :                  ----       M-101      C-101      H-601      V-101    
 TO   :                  M-101      C-101      H-601      V-101      R-101    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      VAPOR      VAPOR      VAPOR      VAPOR   
 COMPONENTS: LBMOL/HR         
   BENZENE                0.0      211.5935   211.5935   211.5935   211.5935 
   TOLUENE                0.0        0.0        0.0        0.0        0.0    
   P-XYL-01               0.0        0.0        0.0        0.0        0.0    
   M-XYL-01               0.0        0.0        0.0        0.0        0.0    
   O-XYL-01               0.0        0.0        0.0        0.0        0.0    
   N-PEN-01               0.0        0.0        0.0        0.0        0.0    
   1:3:5-01               0.0        0.0        0.0        0.0        0.0    
   METHANOL               0.0        0.0        0.0        0.0        0.0    
   NAPHT-01               0.0        0.4400     0.4400     0.4400     0.4400 
   WATER                  0.0        0.0        0.0        0.0        0.0    
   CARBO-01             828.8528  1.6449+04  1.6449+04  1.6449+04  1.6449+04 
   METHA-01            1.9685+04  1.6122+05  1.6122+05  1.6122+05  1.6122+05 
   ETHYL-01               0.0     2.1670+04  2.1670+04  2.1670+04  2.1670+04 
   NITRO-01             207.2132  4144.0328  4144.0328  4144.0328  4144.0328 
   HYDRO-01               0.0     3.2854+05  3.2854+05  3.2854+05  3.2854+05 
   2:2:3-01               0.0     1050.8877  1050.8877  1050.8877  1050.8877 
 COMPONENTS: LB/HR            
   BENZENE                0.0     1.6528+04  1.6528+04  1.6528+04  1.6528+04 
   TOLUENE                0.0        0.0        0.0        0.0        0.0    
   P-XYL-01               0.0        0.0        0.0        0.0        0.0    
   M-XYL-01               0.0        0.0        0.0        0.0        0.0    
   O-XYL-01               0.0        0.0        0.0        0.0        0.0    
   N-PEN-01               0.0        0.0        0.0        0.0        0.0    
   1:3:5-01               0.0        0.0        0.0        0.0        0.0    
   METHANOL               0.0        0.0        0.0        0.0        0.0    
   NAPHT-01               0.0       56.3951    56.3951    56.3951    56.3951 
   WATER                  0.0        0.0        0.0        0.0        0.0    
   CARBO-01            3.6478+04  7.2394+05  7.2394+05  7.2394+05  7.2394+05 
   METHA-01            3.1581+05  2.5865+06  2.5865+06  2.5865+06  2.5865+06 
   ETHYL-01               0.0     6.0792+05  6.0792+05  6.0792+05  6.0792+05 
   NITRO-01            5804.7626  1.1609+05  1.1609+05  1.1609+05  1.1609+05 
   HYDRO-01               0.0     6.6230+05  6.6230+05  6.6230+05  6.6230+05 
   2:2:3-01               0.0     1.4953+05  1.4953+05  1.4953+05  1.4953+05 
 TOTAL FLOW:      
   LBMOL/HR            2.0721+04  5.3329+05  5.3329+05  5.3329+05  5.3329+05 
   LB/HR               3.5809+05  4.8628+06  4.8628+06  4.8628+06  4.8628+06 
   CUFT/HR             2.7270+06  7.2887+07  5.2566+07  1.4630+08  2.3010+08 
 STATE VARIABLES: 
   TEMP   F              77.0000    94.4131   197.3189  1380.0000  1380.0889 
   PRES   PSIA           43.5113    43.5113    71.6000    68.6000    43.6000 
   VFRAC                  1.0000     1.0000     1.0000     1.0000     1.0000 
   LFRAC                  0.0        0.0        0.0        0.0        0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 S-101 S-102 S-103 S-104 S-105 (CONTINUED)            
 
 STREAM ID               S-101      S-102      S-103      S-104      S-105    
 
 ENTHALPY:        
   BTU/LBMOL          -3.7224+04 -1.4061+04 -1.3249+04 -2582.2463 -2582.2463 
   BTU/LB             -2154.0364 -1542.0656 -1453.0183  -283.1867  -283.1867 
   BTU/HR             -7.7134+08 -7.4988+09 -7.0657+09 -1.3771+09 -1.3771+09 
 ENTROPY:         
   BTU/LBMOL-R          -19.9998    -6.8429    -6.4891     2.8985     3.7994 
   BTU/LB-R              -1.1573    -0.7504    -0.7116     0.3179     0.4167 
 DENSITY:         
   LBMOL/CUFT          7.5986-03  7.3166-03  1.0145-02  3.6452-03  2.3176-03 
   LB/CUFT                0.1313  6.6717-02  9.2509-02  3.3239-02  2.1133-02 
 AVG MW                  17.2811     9.1185     9.1185     9.1185     9.1185 
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 S-106 S-107 S-108 S-109 S-110                    
 ----------------------------- 
 
 STREAM ID               S-106      S-107      S-108      S-109      S-110    
 FROM :                  R-101      H-602      C-102      H-101      V-102    
 TO   :                  H-602      C-102      H-101      V-102      M-201    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      VAPOR      VAPOR      MIXED      MIXED   
 COMPONENTS: LBMOL/HR         
   BENZENE             1662.5970  1662.5970  1662.5970  1662.5970  1662.5970 
   TOLUENE                0.0        0.0        0.0        0.0        0.0    
   P-XYL-01               0.0        0.0        0.0        0.0        0.0    
   M-XYL-01               0.0        0.0        0.0        0.0        0.0    
   O-XYL-01               0.0        0.0        0.0        0.0        0.0    
   N-PEN-01               0.0        0.0        0.0        0.0        0.0    
   1:3:5-01               0.0        0.0        0.0        0.0        0.0    
   METHANOL               0.0        0.0        0.0        0.0        0.0    
   NAPHT-01             121.3569   121.3569   121.3569   121.3569   121.3569 
   WATER                  0.0        0.0        0.0        0.0        0.0    
   CARBO-01            1.6449+04  1.6449+04  1.6449+04  1.6449+04  1.6449+04 
   METHA-01            1.4901+05  1.4901+05  1.4901+05  1.4901+05  1.4901+05 
   ETHYL-01            2.2818+04  2.2818+04  2.2818+04  2.2818+04  2.2818+04 
   NITRO-01            4144.0328  4144.0328  4144.0328  4144.0328  4144.0328 
   HYDRO-01            3.4583+05  3.4583+05  3.4583+05  3.4583+05  3.4583+05 
   2:2:3-01            1050.8877  1050.8877  1050.8877  1050.8877  1050.8877 
 COMPONENTS: LB/HR            
   BENZENE             1.2987+05  1.2987+05  1.2987+05  1.2987+05  1.2987+05 
   TOLUENE                0.0        0.0        0.0        0.0        0.0    
   P-XYL-01               0.0        0.0        0.0        0.0        0.0    
   M-XYL-01               0.0        0.0        0.0        0.0        0.0    
   O-XYL-01               0.0        0.0        0.0        0.0        0.0    
   N-PEN-01               0.0        0.0        0.0        0.0        0.0    
   1:3:5-01               0.0        0.0        0.0        0.0        0.0    
   METHANOL               0.0        0.0        0.0        0.0        0.0    
   NAPHT-01            1.5555+04  1.5555+04  1.5555+04  1.5555+04  1.5555+04 
   WATER                  0.0        0.0        0.0        0.0        0.0    
   CARBO-01            7.2394+05  7.2394+05  7.2394+05  7.2394+05  7.2394+05 
   METHA-01            2.3905+06  2.3905+06  2.3905+06  2.3905+06  2.3905+06 
   ETHYL-01            6.4014+05  6.4014+05  6.4014+05  6.4014+05  6.4014+05 
   NITRO-01            1.1609+05  1.1609+05  1.1609+05  1.1609+05  1.1609+05 
   HYDRO-01            6.9715+05  6.9715+05  6.9715+05  6.9715+05  6.9715+05 
   2:2:3-01            1.4953+05  1.4953+05  1.4953+05  1.4953+05  1.4953+05 
 TOTAL FLOW:      
   LBMOL/HR            5.4109+05  5.4109+05  5.4109+05  5.4109+05  5.4109+05 
   LB/HR               4.8628+06  4.8628+06  4.8628+06  4.8628+06  4.8628+06 
   CUFT/HR             2.3393+08  8.0121+07  4.4626+07  3.3784+07  4.5868+07 
 STATE VARIABLES: 
   TEMP   F            1292.0000   104.1854   287.4843    90.0000    88.8700 
   PRES   PSIA           38.5113    35.5113    97.4000    94.4000    69.4000 
   VFRAC                  1.0000     1.0000     1.0000     0.9986     0.9990 
   LFRAC                  0.0        0.0        0.0     1.3874-03  9.7852-04 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 S-106 S-107 S-108 S-109 S-110 (CONTINUED)            
 
 STREAM ID               S-106      S-107      S-108      S-109      S-110    
 
 ENTHALPY:        
   BTU/LBMOL          -1561.9661 -1.2938+04 -1.1423+04 -1.3039+04 -1.3039+04 
   BTU/LB              -173.8010 -1439.6538 -1271.0946 -1450.8132 -1450.8132 
   BTU/HR             -8.4516+08 -7.0008+09 -6.1811+09 -7.0550+09 -7.0550+09 
 ENTROPY:         
   BTU/LBMOL-R            4.1457    -6.2430    -5.6550    -8.1036    -7.4930 
   BTU/LB-R               0.4613    -0.6947    -0.6292    -0.9017    -0.8338 
 DENSITY:         
   LBMOL/CUFT          2.3130-03  6.7534-03  1.2125-02  1.6016-02  1.1797-02 
   LB/CUFT             2.0787-02  6.0693-02     0.1090     0.1439     0.1060 
 AVG MW                   8.9871     8.9871     8.9871     8.9871     8.9871 
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 S-201 S-202 S-203 S-204 S-205                    
 ----------------------------- 
 
 STREAM ID               S-201      S-202      S-203      S-204      S-205    
 FROM :                  M-201      COL-201    V-201      COL-202    P-201    
 TO   :                  COL-201    V-201      COL-202    P-201      V-209    
 
 
 MAX CONV. ERROR:      3.3453-05     0.0        0.0        0.0        0.0    
 SUBSTREAM: MIXED    
 PHASE:                  MIXED      LIQUID     MIXED      LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE             2058.4152  1836.6898  1836.6898  4.1640-11  4.1640-11 
   TOLUENE                0.0        0.0        0.0        0.0        0.0    
   P-XYL-01               0.0        0.0        0.0        0.0        0.0    
   M-XYL-01               0.0        0.0        0.0        0.0        0.0    
   O-XYL-01               0.0        0.0        0.0        0.0        0.0    
   N-PEN-01               0.0        0.0        0.0        0.0        0.0    
   1:3:5-01               0.0        0.0        0.0        0.0        0.0    
   METHANOL               0.0        0.0        0.0        0.0        0.0    
   NAPHT-01             121.3569   179.9679   179.9679   120.8692   120.8692 
   WATER                  0.0        0.0        0.0        0.0        0.0    
   CARBO-01            1.6706+04   263.2826   263.2826  3.9167-20  3.9167-20 
   METHA-01            1.5064+05  1655.3962  1655.3962  6.0140-21  6.0140-21 
   ETHYL-01            2.3161+04   350.5380   350.5380  2.4833-31  2.4833-31 
   NITRO-01            4150.2203     6.1997     6.1997     0.0        0.0    
   HYDRO-01            3.4583+05  1.7035-03  1.7035-03     0.0        0.0    
   2:2:3-01            1055.4037  2.8949+04  2.8949+04   127.4656   127.4656 
 COMPONENTS: LB/HR            
   BENZENE             1.6079+05  1.4347+05  1.4347+05  3.2526-09  3.2526-09 
   TOLUENE                0.0        0.0        0.0        0.0        0.0    
   P-XYL-01               0.0        0.0        0.0        0.0        0.0    
   M-XYL-01               0.0        0.0        0.0        0.0        0.0    
   O-XYL-01               0.0        0.0        0.0        0.0        0.0    
   N-PEN-01               0.0        0.0        0.0        0.0        0.0    
   1:3:5-01               0.0        0.0        0.0        0.0        0.0    
   METHANOL               0.0        0.0        0.0        0.0        0.0    
   NAPHT-01            1.5555+04  2.3067+04  2.3067+04  1.5492+04  1.5492+04 
   WATER                  0.0        0.0        0.0        0.0        0.0    
   CARBO-01            7.3523+05  1.1587+04  1.1587+04  1.7237-18  1.7237-18 
   METHA-01            2.4167+06  2.6557+04  2.6557+04  9.6481-20  9.6481-20 
   ETHYL-01            6.4975+05  9833.9086  9833.9086  6.9667-30  6.9667-30 
   NITRO-01            1.1626+05   173.6739   173.6739     0.0        0.0    
   HYDRO-01            6.9715+05  3.4340-03  3.4340-03     0.0        0.0    
   2:2:3-01            1.5017+05  4.1190+06  4.1190+06  1.8136+04  1.8136+04 
 TOTAL FLOW:      
   LBMOL/HR            5.4373+05  3.3241+04  3.3241+04   248.3348   248.3348 
   LB/HR               4.9416+06  4.3337+06  4.3337+06  3.3629+04  3.3629+04 
   CUFT/HR             4.6227+07  9.2754+04  4.2770+05   726.9577   727.0708 
 STATE VARIABLES: 
   TEMP   F              90.4875    91.8640    90.8364   353.9348   354.1580 
   PRES   PSIA           69.4000    69.3000    15.3000    17.3559    39.6959 
   VFRAC                  0.9991     0.0     2.6244-02     0.0        0.0    
   LFRAC               9.4011-04     1.0000     0.9738     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 S-201 S-202 S-203 S-204 S-205 (CONTINUED)            
 
 STREAM ID               S-201      S-202      S-203      S-204      S-205    
 
 ENTHALPY:        
   BTU/LBMOL          -1.3099+04 -1.1383+05 -1.1383+05 -2.7502+04 -2.7479+04 
   BTU/LB             -1441.2278  -873.1451  -873.1451  -203.0905  -202.9195 
   BTU/HR             -7.1220+09 -3.7840+09 -3.7840+09 -6.8297+06 -6.8239+06 
 ENTROPY:         
   BTU/LBMOL-R           -7.5182  -237.5284  -237.4641  -151.1670  -151.1536 
   BTU/LB-R              -0.8272    -1.8219    -1.8214    -1.1163    -1.1162 
 DENSITY:         
   LBMOL/CUFT          1.1762-02     0.3584  7.7720-02     0.3416     0.3416 
   LB/CUFT                0.1069    46.7227    10.1325    46.2594    46.2522 
 AVG MW                   9.0884   130.3716   130.3716   135.4165   135.4165 
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 S-207 S-208 S-209 S-210 S-211                    
 ----------------------------- 
 
 STREAM ID               S-207      S-208      S-209      S-210      S-211    
 FROM :                  COL-202    H-706      P-202      COL-202    P-203    
 TO   :                  H-706      P-202      M-204      P-203      V-203    
 
 
 MAX CONV. ERROR:     -1.3948-05     0.0        0.0        0.0        0.0    
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      LIQUID     LIQUID     LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE                1.0046     1.0046     1.0046  1439.8595  1439.8595 
   TOLUENE                0.0        0.0        0.0        0.0        0.0    
   P-XYL-01               0.0        0.0        0.0        0.0        0.0    
   M-XYL-01               0.0        0.0        0.0        0.0        0.0    
   O-XYL-01               0.0        0.0        0.0        0.0        0.0    
   N-PEN-01               0.0        0.0        0.0        0.0        0.0    
   1:3:5-01               0.0        0.0        0.0        0.0        0.0    
   METHANOL               0.0        0.0        0.0        0.0        0.0    
   NAPHT-01              59.0741    59.0741    59.0741  2.4551-02  2.4551-02 
   WATER                  0.0        0.0        0.0        0.0        0.0    
   CARBO-01            7.8949-06  7.8949-06  7.8949-06     6.7914     6.7914 
   METHA-01            2.1447-09  2.1447-09  2.1447-09    23.3001    23.3001 
   ETHYL-01            1.2332-05  1.2332-05  1.2332-05     8.2684     8.2684 
   NITRO-01            6.5260-17  6.5260-17  6.5260-17  1.3108-02  1.3108-02 
   HYDRO-01               0.0        0.0        0.0     1.0473-11  1.0473-11 
   2:2:3-01            2.8550+04  2.8550+04  2.8550+04   267.5540   267.5540 
 COMPONENTS: LB/HR            
   BENZENE               78.4749    78.4749    78.4749  1.1247+05  1.1247+05 
   TOLUENE                0.0        0.0        0.0        0.0        0.0    
   P-XYL-01               0.0        0.0        0.0        0.0        0.0    
   M-XYL-01               0.0        0.0        0.0        0.0        0.0    
   O-XYL-01               0.0        0.0        0.0        0.0        0.0    
   N-PEN-01               0.0        0.0        0.0        0.0        0.0    
   1:3:5-01               0.0        0.0        0.0        0.0        0.0    
   METHANOL               0.0        0.0        0.0        0.0        0.0    
   NAPHT-01            7571.7332  7571.7332  7571.7332     3.1468     3.1468 
   WATER                  0.0        0.0        0.0        0.0        0.0    
   CARBO-01            3.4745-04  3.4745-04  3.4745-04   298.8899   298.8899 
   METHA-01            3.4406-08  3.4406-08  3.4406-08   373.7972   373.7972 
   ETHYL-01            3.4597-04  3.4597-04  3.4597-04   231.9583   231.9583 
   NITRO-01            1.8281-15  1.8281-15  1.8281-15     0.3672     0.3672 
   HYDRO-01               0.0        0.0        0.0     2.1112-11  2.1112-11 
   2:2:3-01            4.0622+06  4.0622+06  4.0622+06  3.8069+04  3.8069+04 
 TOTAL FLOW:      
   LBMOL/HR            2.8610+04  2.8610+04  2.8610+04  1745.8110  1745.8110 
   LB/HR               4.0698+06  4.0698+06  4.0698+06  1.5145+05  1.5145+05 
   CUFT/HR             1.4386+07  8.6240+04  8.6250+04  2932.7851  2933.1116 
 STATE VARIABLES: 
   TEMP   F             327.4231    90.0000    90.2053    90.0000    90.1763 
   PRES   PSIA           16.0959    14.6959    68.6000    14.6959    39.6959 
   VFRAC                  1.0000     0.0        0.0        0.0        0.0    
   LFRAC                  0.0        1.0000     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 S-207 S-208 S-209 S-210 S-211 (CONTINUED)            
 
 STREAM ID               S-207      S-208      S-209      S-210      S-211    
 
 ENTHALPY:        
   BTU/LBMOL          -9.3590+04 -1.2885+05 -1.2881+05 -2990.7115 -2979.3405 
   BTU/LB              -657.9113  -905.7684  -905.5151   -34.4749   -34.3439 
   BTU/HR             -2.6776+09 -3.6863+09 -3.6853+09 -5.2212+06 -5.2014+06 
 ENTROPY:         
   BTU/LBMOL-R         -218.1091  -267.3680  -267.3588   -89.6400   -89.6335 
   BTU/LB-R              -1.5332    -1.8795    -1.8795    -1.0333    -1.0332 
 DENSITY:         
   LBMOL/CUFT          1.9887-03     0.3317     0.3317     0.5953     0.5952 
   LB/CUFT                0.2829    47.1915    47.1862    51.6402    51.6345 
 AVG MW                 142.2533   142.2533   142.2533    86.7503    86.7503 
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 S-212 S-213 S-214 S-215 S-216                    
 ----------------------------- 
 
 STREAM ID               S-212      S-213      S-214      S-215      S-216    
 FROM :                  V-203      COL-202    C-201      ----       M-204    
 TO   :                  M-301      C-201      M-201      M-204      COL-201  
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED      VAPOR      VAPOR      LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE             1439.8595   395.8257   395.8257     0.0        1.0046 
   TOLUENE                0.0        0.0        0.0        0.0        0.0    
   P-XYL-01               0.0        0.0        0.0        0.0        0.0    
   M-XYL-01               0.0        0.0        0.0        0.0        0.0    
   O-XYL-01               0.0        0.0        0.0        0.0        0.0    
   N-PEN-01               0.0        0.0        0.0        0.0        0.0    
   1:3:5-01               0.0        0.0        0.0        0.0        0.0    
   METHANOL               0.0        0.0        0.0        0.0        0.0    
   NAPHT-01            2.4551-02  2.8555-05  2.8555-05     0.0       59.0741 
   WATER                  0.0        0.0        0.0        0.0        0.0    
   CARBO-01               6.7914   256.4912   256.4912     0.0     7.8949-06 
   METHA-01              23.3001  1632.0962  1632.0962     0.0     2.1447-09 
   ETHYL-01               8.2684   342.2696   342.2696     0.0     1.2332-05 
   NITRO-01            1.3108-02     6.1865     6.1865     0.0     6.5260-17 
   HYDRO-01            1.0473-11  1.7035-03  1.7035-03     0.0        0.0    
   2:2:3-01             267.5540     4.5512     4.5512   450.4700  2.9000+04 
 COMPONENTS: LB/HR            
   BENZENE             1.1247+05  3.0919+04  3.0919+04     0.0       78.4749 
   TOLUENE                0.0        0.0        0.0        0.0        0.0    
   P-XYL-01               0.0        0.0        0.0        0.0        0.0    
   M-XYL-01               0.0        0.0        0.0        0.0        0.0    
   O-XYL-01               0.0        0.0        0.0        0.0        0.0    
   N-PEN-01               0.0        0.0        0.0        0.0        0.0    
   1:3:5-01               0.0        0.0        0.0        0.0        0.0    
   METHANOL               0.0        0.0        0.0        0.0        0.0    
   NAPHT-01               3.1468  3.6600-03  3.6600-03     0.0     7571.7332 
   WATER                  0.0        0.0        0.0        0.0        0.0    
   CARBO-01             298.8899  1.1288+04  1.1288+04     0.0     3.4745-04 
   METHA-01             373.7972  2.6183+04  2.6183+04     0.0     3.4406-08 
   ETHYL-01             231.9583  9601.9499  9601.9499     0.0     3.4597-04 
   NITRO-01               0.3672   173.3067   173.3067     0.0     1.8281-15 
   HYDRO-01            2.1112-11  3.4340-03  3.4340-03     0.0        0.0    
   2:2:3-01            3.8069+04   647.5713   647.5713  6.4095+04  4.1263+06 
 TOTAL FLOW:      
   LBMOL/HR            1745.8110  2637.4222  2637.4222   450.4700  2.9060+04 
   LB/HR               1.5145+05  7.8814+04  7.8814+04  6.4095+04  4.1339+06 
   CUFT/HR             2968.4930  1.0531+06  3.1306+05  1358.9017  8.7609+04 
 STATE VARIABLES: 
   TEMP   F              90.3065    90.0000   314.4310    90.0000    90.2021 
   PRES   PSIA           14.6959    14.6959    69.4000    68.6000    68.6000 
   VFRAC               5.0509-05     1.0000     1.0000     0.0        0.0    
   LFRAC                  0.9999     0.0        0.0        1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 S-212 S-213 S-214 S-215 S-216 (CONTINUED)            
 
 STREAM ID               S-212      S-213      S-214      S-215      S-216    
 
 ENTHALPY:        
   BTU/LBMOL          -2979.3405 -2.8072+04 -2.5386+04 -1.2919+05 -1.2882+05 
   BTU/LB               -34.3439  -939.3906  -849.5176  -907.9344  -905.5526 
   BTU/HR             -5.2014+06 -7.4037+07 -6.6954+07 -5.8194+07 -3.7435+09 
 ENTROPY:         
   BTU/LBMOL-R          -89.6194   -17.1251   -16.1166  -267.7939  -267.3655 
   BTU/LB-R              -1.0331    -0.5731    -0.5393    -1.8821    -1.8795 
 DENSITY:         
   LBMOL/CUFT             0.5881  2.5045-03  8.4247-03     0.3315     0.3317 
   LB/CUFT               51.0190  7.4843-02     0.2518    47.1668    47.1859 
 AVG MW                  86.7503    29.8828    29.8828   142.2847   142.2538 
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 S-217 S-218 S-219 S-301 S-302                    
 ----------------------------- 
 
 STREAM ID               S-217      S-218      S-219      S-301      S-302    
 FROM :                  COL-201    V-213R     M-203      ----       M-301    
 TO   :                  V-213R     M-203      M-101      M-301      P-301    
 
 
 MAX CONV. ERROR:         0.0        0.0        0.0        0.0    -6.8346-07 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      VAPOR      VAPOR      LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE              222.7301   222.7301   211.5935     0.0     2783.2744 
   TOLUENE                0.0        0.0        0.0        0.0      416.9700 
   P-XYL-01               0.0        0.0        0.0        0.0        0.2262 
   M-XYL-01               0.0        0.0        0.0        0.0        0.1379 
   O-XYL-01               0.0        0.0        0.0        0.0     2.3872-02 
   N-PEN-01               0.0        0.0        0.0        0.0        0.6496 
   1:3:5-01               0.0        0.0        0.0        0.0     9.8261-03 
   METHANOL               0.0        0.0        0.0     2178.1185  2782.9478 
   NAPHT-01               0.4631     0.4631     0.4400     0.0     2.4552-02 
   WATER                  0.0        0.0        0.0        0.0      323.8141 
   CARBO-01            1.6443+04  1.6443+04  1.5621+04     0.0        7.7221 
   METHA-01            1.4899+05  1.4899+05  1.4154+05     0.0       24.7327 
   ETHYL-01            2.2810+04  2.2810+04  2.1670+04     0.0        8.6157 
   NITRO-01            4144.0207  4144.0207  3936.8196     0.0     1.7602-02 
   HYDRO-01            3.4583+05  3.4583+05  3.2854+05     0.0     1.0473-11 
   2:2:3-01            1106.1976  1106.1976  1050.8877     0.0      267.5585 
 COMPONENTS: LB/HR            
   BENZENE             1.7398+04  1.7398+04  1.6528+04     0.0     2.1741+05 
   TOLUENE                0.0        0.0        0.0        0.0     3.8420+04 
   P-XYL-01               0.0        0.0        0.0        0.0       24.0112 
   M-XYL-01               0.0        0.0        0.0        0.0       14.6358 
   O-XYL-01               0.0        0.0        0.0        0.0        2.5344 
   N-PEN-01               0.0        0.0        0.0        0.0       46.8658 
   1:3:5-01               0.0        0.0        0.0        0.0        1.1810 
   METHANOL               0.0        0.0        0.0     6.9792+04  8.9172+04 
   NAPHT-01              59.3633    59.3633    56.3951     0.0        3.1470 
   WATER                  0.0        0.0        0.0        0.0     5833.6015 
   CARBO-01            7.2364+05  7.2364+05  6.8746+05     0.0      339.8477 
   METHA-01            2.3902+06  2.3902+06  2.2706+06     0.0      396.7811 
   ETHYL-01            6.3991+05  6.3991+05  6.0792+05     0.0      241.7037 
   NITRO-01            1.1609+05  1.1609+05  1.1028+05     0.0        0.4931 
   HYDRO-01            6.9715+05  6.9715+05  6.6230+05     0.0     2.1112-11 
   2:2:3-01            1.5739+05  1.5739+05  1.4953+05     0.0     3.8069+04 
 TOTAL FLOW:      
   LBMOL/HR            5.3954+05  5.3954+05  5.1257+05  2178.1185  6616.7247 
   LB/HR               4.7418+06  4.7418+06  4.5047+06  6.9792+04  3.8998+05 
   CUFT/HR             4.6880+07  7.3711+07  7.0026+07  1409.9196  7320.7666 
 STATE VARIABLES: 
   TEMP   F              95.5021    95.2287    95.2287    77.0000   105.0083 
   PRES   PSIA           68.6000    43.6000    43.6000    14.6959    14.6959 
   VFRAC                  1.0000     1.0000     1.0000     0.0        0.0    
   LFRAC                  0.0        0.0        0.0        1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 S-217 S-218 S-219 S-301 S-302 (CONTINUED)            
 
 STREAM ID               S-217      S-218      S-219      S-301      S-302    
 
 ENTHALPY:        
   BTU/LBMOL          -1.3125+04 -1.3125+04 -1.3125+04 -1.0258+05 -4.4234+04 
   BTU/LB             -1493.4188 -1493.4188 -1493.4188 -3201.4223  -750.5090 
   BTU/HR             -7.0815+09 -7.0815+09 -6.7274+09 -2.2343+08 -2.9268+08 
 ENTROPY:         
   BTU/LBMOL-R           -7.3072    -6.4068    -6.4068   -57.5402   -64.2327 
   BTU/LB-R              -0.8314    -0.7290    -0.7290    -1.7958    -1.0898 
 DENSITY:         
   LBMOL/CUFT          1.1509-02  7.3197-03  7.3197-03     1.5449     0.9038 
   LB/CUFT                0.1011  6.4329-02  6.4329-02    49.5004    53.2700 
 AVG MW                   8.7885     8.7885     8.7885    32.0422    58.9381 
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 S-303 S-304 S-305 S-306 S-307                    
 ----------------------------- 
 
 STREAM ID               S-303      S-304      S-305      S-306      S-307    
 FROM :                  P-301      H-701      V-304      R-301      H-704    
 TO   :                  H-701      V-304      R-301      H-704      C-301    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     VAPOR      VAPOR      VAPOR      VAPOR   
 COMPONENTS: LBMOL/HR         
   BENZENE             2783.2744  2783.2744  2783.2744  1429.7681  1429.7681 
   TOLUENE              416.9700   416.9700   416.9700  1215.7697  1215.7697 
   P-XYL-01               0.2262     0.2262     0.2262   100.7024   100.7024 
   M-XYL-01               0.1379     0.1379     0.1379   201.0903   201.0903 
   O-XYL-01            2.3872-02  2.3872-02  2.3872-02   100.5001   100.5001 
   N-PEN-01               0.6496     0.6496     0.6496     0.6496     0.6496 
   1:3:5-01            9.8261-03  9.8261-03  9.8261-03   152.8116   152.8116 
   METHANOL            2782.9478  2782.9478  2782.9478   721.9330   721.9330 
   NAPHT-01            2.4552-02  2.4552-02  2.4552-02  2.4552-02  2.4552-02 
   WATER                323.8141   323.8141   323.8141  2384.8288  2384.8288 
   CARBO-01               7.7221     7.7221     7.7221     7.7221     7.7221 
   METHA-01              24.7327    24.7327    24.7327    24.7327    24.7327 
   ETHYL-01               8.6157     8.6157     8.6157     8.6157     8.6157 
   NITRO-01            1.7602-02  1.7602-02  1.7602-02  1.7602-02  1.7602-02 
   HYDRO-01            1.0473-11  1.0473-11  1.0473-11  1.0473-11  1.0473-11 
   2:2:3-01             267.5585   267.5585   267.5585   267.5585   267.5585 
 COMPONENTS: LB/HR            
   BENZENE             2.1741+05  2.1741+05  2.1741+05  1.1168+05  1.1168+05 
   TOLUENE             3.8420+04  3.8420+04  3.8420+04  1.1202+05  1.1202+05 
   P-XYL-01              24.0112    24.0112    24.0112  1.0691+04  1.0691+04 
   M-XYL-01              14.6358    14.6358    14.6358  2.1349+04  2.1349+04 
   O-XYL-01               2.5344     2.5344     2.5344  1.0670+04  1.0670+04 
   N-PEN-01              46.8658    46.8658    46.8658    46.8658    46.8658 
   1:3:5-01               1.1810     1.1810     1.1810  1.8367+04  1.8367+04 
   METHANOL            8.9172+04  8.9172+04  8.9172+04  2.3132+04  2.3132+04 
   NAPHT-01               3.1470     3.1470     3.1470     3.1470     3.1470 
   WATER               5833.6015  5833.6015  5833.6015  4.2963+04  4.2963+04 
   CARBO-01             339.8477   339.8477   339.8477   339.8477   339.8477 
   METHA-01             396.7811   396.7811   396.7811   396.7811   396.7811 
   ETHYL-01             241.7037   241.7037   241.7037   241.7037   241.7037 
   NITRO-01               0.4931     0.4931     0.4931     0.4931     0.4931 
   HYDRO-01            2.1112-11  2.1112-11  2.1112-11  2.1112-11  2.1112-11 
   2:2:3-01            3.8069+04  3.8069+04  3.8069+04  3.8069+04  3.8069+04 
 TOTAL FLOW:      
   LBMOL/HR            6616.7247  6616.7247  6616.7247  6616.7247  6616.7247 
   LB/HR               3.8998+05  3.8998+05  3.8998+05  3.8998+05  3.8998+05 
   CUFT/HR             7321.3547  2.1491+06  5.8303+06  5.8356+06  3.9949+06 
 STATE VARIABLES: 
   TEMP   F             105.1187   752.0000   750.7830   840.0000   207.7835 
   PRES   PSIA           50.6959    48.6959    22.6959    17.6959    14.6959 
   VFRAC                  0.0        1.0000     1.0000     1.0000     1.0000 
   LFRAC                  1.0000     0.0        0.0        0.0        0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 S-303 S-304 S-305 S-306 S-307 (CONTINUED)            
 
 STREAM ID               S-303      S-304      S-305      S-306      S-307    
 
 ENTHALPY:        
   BTU/LBMOL          -4.4226+04 -1.2615+04 -1.2615+04 -2.2030+04 -3.7176+04 
   BTU/LB              -750.3817  -214.0405  -214.0405  -373.7775  -630.7549 
   BTU/HR             -2.9263+08 -8.3471+07 -8.3471+07 -1.4576+08 -2.4598+08 
 ENTROPY:         
   BTU/LBMOL-R          -64.2300   -22.4761   -20.5134   -19.3627   -35.1713 
   BTU/LB-R              -1.0898    -0.3814    -0.3480    -0.3285    -0.5967 
 DENSITY:         
   LBMOL/CUFT             0.9038  3.0788-03  1.1349-03  1.1339-03  1.6563-03 
   LB/CUFT               53.2658     0.1815  6.6888-02  6.6828-02  9.7618-02 
 AVG MW                  58.9381    58.9381    58.9381    58.9381    58.9381 
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 S-308 S-309 S-310 S-311 S-312                    
 ----------------------------- 
 
 STREAM ID               S-308      S-309      S-310      S-311      S-312    
 FROM :                  C-301      V-302      M-302      H-803      P-302    
 TO   :                  V-302      M-302      H-803      P-302      V-303    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      VAPOR      VAPOR      LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE             1429.7681  1429.7681  1438.5797  1438.5797  1438.5797 
   TOLUENE             1215.7697  1215.7697  3065.7751  3065.7751  3065.7751 
   P-XYL-01             100.7024   100.7024   889.9632   889.9632   889.9632 
   M-XYL-01             201.0903   201.0903   283.1170   283.1170   283.1170 
   O-XYL-01             100.5001   100.5001   136.0168   136.0168   136.0168 
   N-PEN-01               0.6496     0.6496    53.3264    53.3264    53.3264 
   1:3:5-01             152.8116   152.8116   176.9132   176.9132   176.9132 
   METHANOL             721.9330   721.9330   747.7106   747.7106   747.7106 
   NAPHT-01            2.4552-02  2.4552-02  2.4552-02  2.4552-02  2.4552-02 
   WATER               2384.8288  2384.8288  3733.6944  3733.6944  3733.6944 
   CARBO-01               7.7221     7.7221     7.7221     7.7221     7.7221 
   METHA-01              24.7327    24.7327    24.7327    24.7327    24.7327 
   ETHYL-01               8.6157     8.6157     8.6157     8.6157     8.6157 
   NITRO-01            1.7602-02  1.7602-02  1.7602-02  1.7602-02  1.7602-02 
   HYDRO-01            1.0473-11  1.0473-11  1.0473-11  1.0473-11  1.0473-11 
   2:2:3-01             267.5585   267.5585   267.5585   267.5585   267.5585 
 COMPONENTS: LB/HR            
   BENZENE             1.1168+05  1.1168+05  1.1237+05  1.1237+05  1.1237+05 
   TOLUENE             1.1202+05  1.1202+05  2.8248+05  2.8248+05  2.8248+05 
   P-XYL-01            1.0691+04  1.0691+04  9.4485+04  9.4485+04  9.4485+04 
   M-XYL-01            2.1349+04  2.1349+04  3.0058+04  3.0058+04  3.0058+04 
   O-XYL-01            1.0670+04  1.0670+04  1.4441+04  1.4441+04  1.4441+04 
   N-PEN-01              46.8658    46.8658  3847.5116  3847.5116  3847.5116 
   1:3:5-01            1.8367+04  1.8367+04  2.1264+04  2.1264+04  2.1264+04 
   METHANOL            2.3132+04  2.3132+04  2.3958+04  2.3958+04  2.3958+04 
   NAPHT-01               3.1470     3.1470     3.1470     3.1470     3.1470 
   WATER               4.2963+04  4.2963+04  6.7264+04  6.7264+04  6.7264+04 
   CARBO-01             339.8477   339.8477   339.8477   339.8477   339.8477 
   METHA-01             396.7811   396.7811   396.7811   396.7811   396.7811 
   ETHYL-01             241.7037   241.7037   241.7037   241.7037   241.7037 
   NITRO-01               0.4931     0.4931     0.4931     0.4931     0.4931 
   HYDRO-01            2.1112-11  2.1112-11  2.1112-11  2.1112-11  2.1112-11 
   2:2:3-01            3.8069+04  3.8069+04  3.8069+04  3.8069+04  3.8069+04 
 TOTAL FLOW:      
   LBMOL/HR            6616.7247  6616.7247  1.0834+04  1.0834+04  1.0834+04 
   LB/HR               3.8998+05  3.8998+05  6.8922+05  6.8922+05  6.8922+05 
   CUFT/HR             1.3369+06  3.6708+06  9.1149+06  1.2454+04  1.2455+04 
 STATE VARIABLES: 
   TEMP   F             312.9304   309.3216   697.2619    90.0000    90.1188 
   PRES   PSIA           42.6959    17.6959    17.6959     14.6959    44.6959 
   VFRAC                  1.0000     1.0000     1.0000     0.0        0.0    
   LFRAC                  0.0        0.0        0.0        1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 S-308 S-309 S-310 S-311 S-312 (CONTINUED)            
 
 STREAM ID               S-308      S-309      S-310      S-311      S-312    
 
 ENTHALPY:        
   BTU/LBMOL          -3.4851+04 -3.4851+04 -1.6382+04 -5.0017+04 -5.0008+04 
   BTU/LB              -591.3171  -591.3171  -257.5084  -786.2095  -786.0634 
   BTU/HR             -2.3060+08 -2.3060+08 -1.7748+08 -5.4187+08 -5.4177+08 
 ENTROPY:         
   BTU/LBMOL-R          -34.3140   -32.3815   -21.6849   -68.8251   -68.8223 
   BTU/LB-R              -0.5822    -0.5494    -0.3409    -1.0818    -1.0818 
 DENSITY:         
   LBMOL/CUFT          4.9494-03  1.8025-03  1.1886-03     0.8699     0.8698 
   LB/CUFT                0.2917     0.1062  7.5615-02    55.3423    55.3381 
 AVG MW                  58.9381    58.9381    63.6180    63.6180    63.6180 
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 S-313 S-314 S-315 S-316 S-317                    
 ----------------------------- 
 
 STREAM ID               S-313      S-314      S-315      S-316      S-317    
 FROM :                  V-303      COL-301    COL-301    P-303      V-305    
 TO   :                  COL-301    P-401      P-303      V-305      COL-302  
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE             1438.5797  1436.5358     2.0441     2.0441     2.0441 
   TOLUENE             3065.7751  3064.2922     1.4835     1.4835     1.4835 
   P-XYL-01             889.9632   889.7703     0.1930     0.1930     0.1930 
   M-XYL-01             283.1170   283.0630  5.4072-02  5.4072-02  5.4072-02 
   O-XYL-01             136.0168   135.9934  2.3436-02  2.3436-02  2.3436-02 
   N-PEN-01              53.3264    53.3166  9.7598-03  9.7598-03  9.7598-03 
   1:3:5-01             176.9132   176.9034  9.8260-03  9.8260-03  9.8260-03 
   METHANOL             747.7106   143.1230   604.5874   604.5874   604.5874 
   NAPHT-01            2.4552-02  2.4551-02  1.0387-06  1.0387-06  1.0387-06 
   WATER               3733.6944    27.6484  3706.0450  3706.0450  3706.0450 
   CARBO-01               7.7221     6.8739     0.8482     0.8482     0.8482 
   METHA-01              24.7327    23.5831     1.1497     1.1497     1.1497 
   ETHYL-01               8.6157     8.3688     0.2470     0.2470     0.2470 
   NITRO-01            1.7602-02  1.3267-02  4.3350-03  4.3350-03  4.3350-03 
   HYDRO-01            1.0473-11     0.0        0.0        0.0        0.0    
   2:2:3-01             267.5585   267.5541  4.4731-03  4.4731-03  4.4731-03 
 COMPONENTS: LB/HR            
   BENZENE             1.1237+05  1.1221+05   159.6758   159.6758   159.6758 
   TOLUENE             2.8248+05  2.8235+05   136.6878   136.6878   136.6878 
   P-XYL-01            9.4485+04  9.4465+04    20.4909    20.4909    20.4909 
   M-XYL-01            3.0058+04  3.0052+04     5.7407     5.7407     5.7407 
   O-XYL-01            1.4441+04  1.4438+04     2.4881     2.4881     2.4881 
   N-PEN-01            3847.5116  3846.8082     0.7042     0.7042     0.7042 
   1:3:5-01            2.1264+04  2.1263+04     1.1810     1.1810     1.1810 
   METHANOL            2.3958+04  4585.9704  1.9372+04  1.9372+04  1.9372+04 
   NAPHT-01               3.1470     3.1468  1.3313-04  1.3313-04  1.3313-04 
   WATER               6.7264+04   498.0935  6.6765+04  6.6765+04  6.6765+04 
   CARBO-01             339.8477   302.5202    37.3275    37.3275    37.3275 
   METHA-01             396.7811   378.3373    18.4439    18.4439    18.4439 
   ETHYL-01             241.7037   234.7757     6.9281     6.9281     6.9281 
   NITRO-01               0.4931     0.3717     0.1214     0.1214     0.1214 
   HYDRO-01            2.1112-11     0.0        0.0        0.0        0.0    
   2:2:3-01            3.8069+04  3.8069+04     0.6365     0.6365     0.6365 
 TOTAL FLOW:      
   LBMOL/HR            1.0834+04  6517.0638  4316.7037  4316.7037  4316.7037 
   LB/HR               6.8922+05  6.0269+05  8.6528+04  8.6528+04  8.6528+04 
   CUFT/HR             1.2456+04  1.1458+04  1501.6991  1501.7524  1501.8089 
 STATE VARIABLES: 
   TEMP   F              90.2301    99.9875    99.9875   100.0446   100.1051 
   PRES   PSIA           19.6959    19.6959    19.6959    41.6959    16.6959 
   VFRAC                  0.0        0.0        0.0        0.0        0.0    
   LFRAC                  1.0000     1.0000     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 S-313 S-314 S-315 S-316 S-317 (CONTINUED)            
 
 STREAM ID               S-313      S-314      S-315      S-316      S-317    
 
 ENTHALPY:        
   BTU/LBMOL          -5.0008+04 -3892.5849 -1.1963+05 -1.1963+05 -1.1963+05 
   BTU/LB              -786.0634   -42.0913 -5968.0946 -5967.9792 -5967.9792 
   BTU/HR             -5.4177+08 -2.5368+07 -5.1641+08 -5.1640+08 -5.1640+08 
 ENTROPY:         
   BTU/LBMOL-R          -68.8123   -86.1003   -40.4356   -40.4340   -40.4312 
   BTU/LB-R              -1.0816    -0.9310    -2.0172    -2.0172    -2.0170 
 DENSITY:         
   LBMOL/CUFT             0.8698     0.5688     2.8745     2.8744     2.8743 
   LB/CUFT               55.3342    52.6025    57.6202    57.6181    57.6160 
 AVG MW                  63.6180    92.4795    20.0450    20.0450    20.0450 
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 S-318 S-319 S-320 S-321 S-322                    
 ----------------------------- 
 
 STREAM ID               S-318      S-319      S-320      S-321      S-322    
 FROM :                  COL-302    P-304      V-306      COL-302    P-305    
 TO   :                  P-304      V-306      M-301      P-305      V-307    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     MIXED      LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE                2.0441     2.0441     2.0441  3.7579-15  3.7579-15 
   TOLUENE                1.4835     1.4835     1.4835  5.0338-16  5.0338-16 
   P-XYL-01               0.1930     0.1930     0.1930  2.6038-17  2.6038-17 
   M-XYL-01            5.4072-02  5.4072-02  5.4072-02  4.6043-18  4.6043-18 
   O-XYL-01            2.3436-02  2.3436-02  2.3436-02  6.4592-18  6.4592-18 
   N-PEN-01            9.7598-03  9.7598-03  9.7598-03  4.9020-26  4.9020-26 
   1:3:5-01            9.8260-03  9.8260-03  9.8260-03  1.0607-19  1.0607-19 
   METHANOL             603.1115   603.1115   603.1115     1.4758     1.4758 
   NAPHT-01            1.0387-06  1.0387-06  1.0387-06  2.7229-20  2.7229-20 
   WATER                323.4823   323.4823   323.4823  3382.5627  3382.5627 
   CARBO-01               0.8482     0.8482     0.8482  5.7332-11  5.7332-11 
   METHA-01               1.1497     1.1497     1.1497  7.4881-16  7.4881-16 
   ETHYL-01               0.2470     0.2470     0.2470  5.9275-15  5.9275-15 
   NITRO-01            4.3350-03  4.3350-03  4.3350-03  3.0228-18  3.0228-18 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   2:2:3-01            4.4731-03  4.4731-03  4.4731-03  4.8695-24  4.8695-24 
 COMPONENTS: LB/HR            
   BENZENE              159.6758   159.6758   159.6758  2.9354-13  2.9354-13 
   TOLUENE              136.6877   136.6877   136.6877  4.6382-14  4.6382-14 
   P-XYL-01              20.4908    20.4908    20.4908  2.7644-15  2.7644-15 
   M-XYL-01               5.7407     5.7407     5.7407  4.8883-16  4.8883-16 
   O-XYL-01               2.4881     2.4881     2.4881  6.8575-16  6.8575-16 
   N-PEN-01               0.7042     0.7042     0.7042  3.5368-24  3.5368-24 
   1:3:5-01               1.1810     1.1810     1.1810  1.2749-17  1.2749-17 
   METHANOL            1.9325+04  1.9325+04  1.9325+04    47.2871    47.2871 
   NAPHT-01            1.3313-04  1.3313-04  1.3313-04  3.4901-18  3.4901-18 
   WATER               5827.6248  5827.6248  5827.6248  6.0938+04  6.0938+04 
   CARBO-01              37.3275    37.3275    37.3275  2.5232-09  2.5232-09 
   METHA-01              18.4438    18.4438    18.4438  1.2013-14  1.2013-14 
   ETHYL-01               6.9281     6.9281     6.9281  1.6629-13  1.6629-13 
   NITRO-01               0.1214     0.1214     0.1214  8.4679-17  8.4679-17 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   2:2:3-01               0.6365     0.6365     0.6365  6.9286-22  6.9286-22 
 TOTAL FLOW:      
   LBMOL/HR             932.6652   932.6652   932.6652  3384.0385  3384.0385 
   LB/HR               2.5543+04  2.5543+04  2.5543+04  6.0985+04  6.0985+04 
   CUFT/HR              515.4835   515.5456   526.2777  1067.7879  1067.8398 
 STATE VARIABLES: 
   TEMP   F             128.2964   128.4403   128.4892   217.4153   217.4906 
   PRES   PSIA           14.6959    39.6959    14.6959    16.3759    39.6959 
   VFRAC                  0.0        0.0     2.6986-05     0.0        0.0    
   LFRAC                  1.0000     1.0000     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 S-318 S-319 S-320 S-321 S-322 (CONTINUED)            
 
 STREAM ID               S-318      S-319      S-320      S-321      S-322    
 
 ENTHALPY:        
   BTU/LBMOL          -1.0817+05 -1.0816+05 -1.0816+05 -1.2033+05 -1.2033+05 
   BTU/LB             -3949.5539 -3949.3577 -3949.3577 -6677.1428 -6677.0106 
   BTU/HR             -1.0088+08 -1.0088+08 -1.0088+08 -4.0721+08 -4.0720+08 
 ENTROPY:         
   BTU/LBMOL-R          -48.3651   -48.3605   -48.3562   -34.7782   -34.7767 
   BTU/LB-R              -1.7660    -1.7658    -1.7657    -1.9298    -1.9297 
 DENSITY:         
   LBMOL/CUFT             1.8093     1.8091     1.7722     3.1692     3.1691 
   LB/CUFT               49.5516    49.5457    48.5353    57.1135    57.1107 
 AVG MW                  27.3872    27.3872    27.3872    18.0214    18.0214 
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 S-402 S-403 S-404 S-405 S-406                    
 ----------------------------- 
 
 STREAM ID               S-402      S-403      S-404      S-405      S-406    
 FROM :                  P-401      V-401      H-706C     V-402      COL-401  
 TO   :                  V-401      H-706C     V-402      COL-401    ----     
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     MIXED      MIXED      MIXED   
 COMPONENTS: LBMOL/HR         
   BENZENE             1436.5358  1436.5358  1436.5358  1436.5358     1.4365 
   TOLUENE             3064.2922  3064.2922  3064.2922  3064.2922     6.1286 
   P-XYL-01             889.7703   889.7703   889.7703   889.7703    17.7954 
   M-XYL-01             283.0630   283.0630   283.0630   283.0630     5.6613 
   O-XYL-01             135.9934   135.9934   135.9934   135.9934     2.7199 
   N-PEN-01              53.3166    53.3166    53.3166    53.3166    52.6768 
   1:3:5-01             176.9034   176.9034   176.9034   176.9034     3.5381 
   METHANOL             143.1230   143.1230   143.1230   143.1230   141.4055 
   NAPHT-01            2.4551-02  2.4551-02  2.4551-02  2.4551-02  4.9103-04 
   WATER                 27.6484    27.6484    27.6484    27.6484    27.3166 
   CARBO-01               6.8739     6.8739     6.8739     6.8739     6.7914 
   METHA-01              23.5831    23.5831    23.5831    23.5831    23.3001 
   ETHYL-01               8.3688     8.3688     8.3688     8.3688     8.2684 
   NITRO-01            1.3267-02  1.3267-02  1.3267-02  1.3267-02  1.3108-02 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   2:2:3-01             267.5541   267.5541   267.5541   267.5541   264.3434 
 COMPONENTS: LB/HR            
   BENZENE             1.1221+05  1.1221+05  1.1221+05  1.1221+05   112.2130 
   TOLUENE             2.8235+05  2.8235+05  2.8235+05  2.8235+05   564.6910 
   P-XYL-01            9.4465+04  9.4465+04  9.4465+04  9.4465+04  1889.2920 
   M-XYL-01            3.0052+04  3.0052+04  3.0052+04  3.0052+04   601.0412 
   O-XYL-01            1.4438+04  1.4438+04  1.4438+04  1.4438+04   288.7613 
   N-PEN-01            3846.8082  3846.8082  3846.8082  3846.8082  3800.6465 
   1:3:5-01            2.1263+04  2.1263+04  2.1263+04  2.1263+04   425.2555 
   METHANOL            4585.9704  4585.9704  4585.9704  4585.9704  4530.9388 
   NAPHT-01               3.1468     3.1468     3.1468     3.1468  6.2937-02 
   WATER                498.0935   498.0935   498.0935   498.0935   492.1164 
   CARBO-01             302.5202   302.5202   302.5202   302.5202   298.8900 
   METHA-01             378.3373   378.3373   378.3373   378.3373   373.7973 
   ETHYL-01             234.7757   234.7757   234.7757   234.7757   231.9584 
   NITRO-01               0.3717     0.3717     0.3717     0.3717     0.3672 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   2:2:3-01            3.8069+04  3.8069+04  3.8069+04  3.8069+04  3.7612+04 
 TOTAL FLOW:      
   LBMOL/HR            6517.0638  6517.0638  6517.0638  6517.0638   561.3956 
   LB/HR               6.0269+05  6.0269+05  6.0269+05  6.0269+05  5.1222+04 
   CUFT/HR             1.1461+04  1.1462+04  1.5444+04  2.9715+04  2.9853+04 
 STATE VARIABLES: 
   TEMP   F             100.5060   100.6398   302.0000   297.7753   297.7753 
   PRES   PSIA          128.4800   103.4800    98.4800    73.4800    73.4800 
   VFRAC                  0.0        0.0     4.4090-03  2.4798-02     0.4918 
   LFRAC                  1.0000     1.0000     0.9956     0.9752     0.5082 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
Section X: Appendix F 
406 
 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   04/01/2013  PAGE 148  
                             ALKYLATION FLOWSHEET                                
                                 STREAM SECTION                                  
 
 S-402 S-403 S-404 S-405 S-406 (CONTINUED)            
 
 STREAM ID               S-402      S-403      S-404      S-405      S-406    
 
 ENTHALPY:        
   BTU/LBMOL          -3848.1005 -3848.1005  5475.3519  5475.3519 -8.6133+04 
   BTU/LB               -41.6103   -41.6103    59.2061    59.2061  -944.0191 
   BTU/HR             -2.5078+07 -2.5078+07  3.5683+07  3.5683+07 -4.8355+07 
 ENTROPY:         
   BTU/LBMOL-R          -86.0843   -86.0697   -72.0028   -71.9812  -135.2768 
   BTU/LB-R              -0.9308    -0.9307    -0.7786    -0.7783    -1.4826 
 DENSITY:         
   LBMOL/CUFT             0.5686     0.5686     0.4220     0.2193  1.8805-02 
   LB/CUFT               52.5859    52.5816    39.0249    20.2828     1.7158 
 AVG MW                  92.4795    92.4795    92.4795    92.4795    91.2406 
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 S-407 S-408 S-409 S-410 S-411                    
 ----------------------------- 
 
 STREAM ID               S-407      S-408      S-409      S-410      S-411    
 FROM :                  COL-401    C-401      V-413      COL-402    P-402    
 TO   :                  C-401      H-801      COL-402    P-402      V-404    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      VAPOR      LIQUID     LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE             1435.0993  1435.0993  1435.0993  1341.3705  1341.3705 
   TOLUENE             3058.1636  3058.1636  3058.1636   415.4864   415.4864 
   P-XYL-01             871.9749   871.9749   871.9749  3.3158-02  3.3158-02 
   M-XYL-01             277.4017   277.4017   277.4017  8.3784-02  8.3784-02 
   O-XYL-01             133.2735   133.2735   133.2735  4.3595-04  4.3595-04 
   N-PEN-01               0.6398     0.6398     0.6398     0.6398     0.6398 
   1:3:5-01             173.3653   173.3653   173.3653  8.1859-08  8.1859-08 
   METHANOL               1.7175     1.7175     1.7175     1.7175     1.7175 
   NAPHT-01            2.4060-02  2.4060-02  2.4060-02  1.2313-19  1.2313-19 
   WATER                  0.3318     0.3318     0.3318     0.3318     0.3318 
   CARBO-01            8.2487-02  8.2487-02  8.2487-02  8.2487-02  8.2487-02 
   METHA-01               0.2830     0.2830     0.2830     0.2830     0.2830 
   ETHYL-01               0.1004     0.1004     0.1004     0.1004     0.1004 
   NITRO-01            1.5921-04  1.5921-04  1.5921-04  1.5921-04  1.5921-04 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   2:2:3-01               3.2106     3.2106     3.2106  5.4201-05  5.4201-05 
 COMPONENTS: LB/HR            
   BENZENE             1.1210+05  1.1210+05  1.1210+05  1.0478+05  1.0478+05 
   TOLUENE             2.8178+05  2.8178+05  2.8178+05  3.8283+04  3.8283+04 
   P-XYL-01            9.2575+04  9.2575+04  9.2575+04     3.5204     3.5204 
   M-XYL-01            2.9451+04  2.9451+04  2.9451+04     8.8951     8.8951 
   O-XYL-01            1.4149+04  1.4149+04  1.4149+04  4.6284-02  4.6284-02 
   N-PEN-01              46.1617    46.1617    46.1617    46.1617    46.1617 
   1:3:5-01            2.0838+04  2.0838+04  2.0838+04  9.8390-06  9.8390-06 
   METHANOL              55.0316    55.0316    55.0316    55.0316    55.0316 
   NAPHT-01               3.0839     3.0839     3.0839  1.5782-17  1.5782-17 
   WATER                  5.9771     5.9771     5.9771     5.9771     5.9771 
   CARBO-01               3.6302     3.6302     3.6302     3.6302     3.6302 
   METHA-01               4.5400     4.5400     4.5400     4.5400     4.5400 
   ETHYL-01               2.8173     2.8173     2.8173     2.8173     2.8173 
   NITRO-01            4.4600-03  4.4600-03  4.4600-03  4.4600-03  4.4600-03 
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   2:2:3-01             456.8262   456.8262   456.8262  7.7120-03  7.7120-03 
 TOTAL FLOW:      
   LBMOL/HR            5955.6682  5955.6682  5955.6682  1760.1295  1760.1295 
   LB/HR               5.5147+05  5.5147+05  5.5147+05  1.4319+05  1.4319+05 
   CUFT/HR             1.3923+07  1.0789+06  1.0738+04  2834.1998  2834.5743 
 STATE VARIABLES: 
   TEMP   F             185.0000   342.7036   153.1173   181.6406   181.8194 
   PRES   PSIA            2.9392    44.6959    16.6959    14.6959    39.6959 
   VFRAC                  1.0000     1.0000     0.0        0.0        0.0    
   LFRAC                  0.0        0.0        1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
Section X: Appendix F 
408 
 
 ASPEN PLUS   PLAT: WIN32     VER: 25.0                   04/01/2013  PAGE 150  
                             ALKYLATION FLOWSHEET                                
                                 STREAM SECTION                                  
 
 S-407 S-408 S-409 S-410 S-411 (CONTINUED)            
 
 STREAM ID               S-407      S-408      S-409      S-410      S-411    
 
 ENTHALPY:        
   BTU/LBMOL           2.4008+04  2.9132+04  7512.9101  2.0914+04  2.0925+04 
   BTU/LB               259.2752   314.6106    81.1362   257.0765   257.2111 
   BTU/HR              1.4298+08  1.7350+08  4.4744+07  3.6812+07  3.6831+07 
 ENTROPY:         
   BTU/LBMOL-R          -48.8295   -47.0094   -76.0208   -57.9412   -57.9358 
   BTU/LB-R              -0.5273    -0.5077    -0.8210    -0.7122    -0.7121 
 DENSITY:         
   LBMOL/CUFT          4.2774-04  5.5202-03     0.5546     0.6210     0.6210 
   LB/CUFT             3.9608-02     0.5112    51.3567    50.5233    50.5166 
 AVG MW                  92.5963    92.5963    92.5963    81.3537    81.3537 
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 S-412 S-413 S-414 S-415 S-416                    
 ----------------------------- 
 
 STREAM ID               S-412      S-413      S-414      S-415      S-416    
 FROM :                  V-404      COL-402    P-403      V-405      COL-403  
 TO   :                  M-301      P-403      V-405      COL-403    P-404    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED      LIQUID     LIQUID     LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE             1341.3705    93.7288    93.7288    93.7288    93.7287 
   TOLUENE              415.4864  2642.6772  2642.6772  2642.6772  2637.5256 
   P-XYL-01            3.3158-02   871.9417   871.9417   871.9417    25.0718 
   M-XYL-01            8.3784-02   277.3180   277.3180   277.3180    37.1167 
   O-XYL-01            4.3595-04   133.2731   133.2731   133.2731     0.3509 
   N-PEN-01               0.6398  2.7806-08  2.7806-08  2.7806-08  2.7806-08 
   1:3:5-01            8.1859-08   173.3653   173.3653   173.3653  4.5912-04 
   METHANOL               1.7175  1.3940-12  1.3940-12  1.3940-12     0.0    
   NAPHT-01            1.2313-19  2.4060-02  2.4060-02  2.4060-02  5.6059-15 
   WATER                  0.3318  1.2034-21  1.2034-21  1.2034-21     0.0    
   CARBO-01            8.2487-02  2.4875-15  2.4875-15  2.4875-15     0.0    
   METHA-01               0.2830  8.3427-21  8.3427-21  8.3427-21     0.0    
   ETHYL-01               0.1004  3.3367-15  3.3367-15  3.3367-15     0.0    
   NITRO-01            1.5921-04  3.9540-32  3.9540-32  3.9540-32     0.0    
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   2:2:3-01            5.4201-05     3.2106     3.2106     3.2106  3.7121-02 
 COMPONENTS: LB/HR            
   BENZENE             1.0478+05  7321.4943  7321.4943  7321.4943  7321.4926 
   TOLUENE             3.8283+04  2.4350+05  2.4350+05  2.4350+05  2.4302+05 
   P-XYL-01               3.5204  9.2572+04  9.2572+04  9.2572+04  2661.8095 
   M-XYL-01               8.8951  2.9442+04  2.9442+04  2.9442+04  3940.5794 
   O-XYL-01            4.6284-02  1.4149+04  1.4149+04  1.4149+04    37.2495 
   N-PEN-01              46.1617  2.0062-06  2.0062-06  2.0062-06  2.0062-06 
   1:3:5-01            9.8390-06  2.0838+04  2.0838+04  2.0838+04  5.5184-02 
   METHANOL              55.0316  4.4668-11  4.4668-11  4.4668-11     0.0    
   NAPHT-01            1.5782-17     3.0839     3.0839     3.0839  7.1853-13 
   WATER                  5.9771  2.1679-20  2.1679-20  2.1679-20     0.0    
   CARBO-01               3.6302  1.0947-13  1.0947-13  1.0947-13     0.0    
   METHA-01               4.5400  1.3384-19  1.3384-19  1.3384-19     0.0    
   ETHYL-01               2.8173  9.3606-14  9.3606-14  9.3606-14     0.0    
   NITRO-01            4.4600-03  1.1077-30  1.1077-30  1.1077-30     0.0    
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   2:2:3-01            7.7120-03   456.8185   456.8185   456.8185     5.2818 
 TOTAL FLOW:      
   LBMOL/HR            1760.1295  4195.5387  4195.5387  4195.5387  2793.8312 
   LB/HR               1.4319+05  4.0828+05  4.0828+05  4.0828+05  2.5699+05 
   CUFT/HR             3206.8019  8532.6686  8534.2093  8534.7773  5423.9204 
 STATE VARIABLES: 
   TEMP   F             181.7649   255.9865   256.2231   256.3103   266.9397 
   PRES   PSIA           14.6959    17.6359    55.0000    30.0000    25.7000 
   VFRAC               4.6463-04     0.0        0.0        0.0        0.0    
   LFRAC                  0.9995     1.0000     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 S-412 S-413 S-414 S-415 S-416 (CONTINUED)            
 
 STREAM ID               S-412      S-413      S-414      S-415      S-416    
 
 ENTHALPY:        
   BTU/LBMOL           2.0925+04  7184.1854  7202.3271  7202.3271  1.3409+04 
   BTU/LB               257.2111    73.8257    74.0121    74.0121   145.7772 
   BTU/HR              3.6831+07  3.0142+07  3.0218+07  3.0218+07  3.7463+07 
 ENTROPY:         
   BTU/LBMOL-R          -57.9241   -76.5915   -76.5859   -76.5728   -68.3118 
   BTU/LB-R              -0.7120    -0.7871    -0.7870    -0.7869    -0.7426 
 DENSITY:         
   LBMOL/CUFT             0.5489     0.4917     0.4916     0.4916     0.5151 
   LB/CUFT               44.6529    47.8490    47.8404    47.8372    47.3808 
 AVG MW                  81.3537    97.3128    97.3128    97.3128    91.9846 
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 S-417 S-418 S-419 S-420 S-421                    
 ----------------------------- 
 
 STREAM ID               S-417      S-418      S-419      S-420      S-421    
 FROM :                  P-404      COL-403    P-405      V-409      COL-404  
 TO   :                  M-501      P-405      V-409      COL-404    V-406    
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE               93.7287  2.0940-05  2.0940-05  2.0940-05  2.1454-16 
   TOLUENE             2637.5256     5.1516     5.1516     5.1516  2.0536-06 
   P-XYL-01              25.0718   846.8699   846.8699   846.8699    15.1637 
   M-XYL-01              37.1167   240.2013   240.2013   240.2013     5.0566 
   O-XYL-01               0.3509   132.9222   132.9222   132.9222    19.3841 
   N-PEN-01            2.7806-08  6.2848-22  6.2848-22  6.2848-22     0.0    
   1:3:5-01            4.5912-04   173.3648   173.3648   173.3648   173.0266 
   METHANOL               0.0        0.0        0.0        0.0        0.0    
   NAPHT-01            5.6059-15  2.4060-02  2.4060-02  2.4060-02  2.4060-02 
   WATER                  0.0        0.0        0.0        0.0        0.0    
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   METHA-01               0.0        0.0        0.0        0.0        0.0    
   ETHYL-01               0.0        0.0        0.0        0.0        0.0    
   NITRO-01               0.0        0.0        0.0        0.0        0.0    
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   2:2:3-01            3.7121-02     3.1735     3.1735     3.1735     0.1776 
 COMPONENTS: LB/HR            
   BENZENE             7321.4926  1.6357-03  1.6357-03  1.6357-03  1.6759-14 
   TOLUENE             2.4302+05   474.6746   474.6746   474.6746  1.8922-04 
   P-XYL-01            2661.8095  8.9910+04  8.9910+04  8.9910+04  1609.8881 
   M-XYL-01            3940.5794  2.5502+04  2.5502+04  2.5502+04   536.8422 
   O-XYL-01              37.2495  1.4112+04  1.4112+04  1.4112+04  2057.9564 
   N-PEN-01            2.0062-06  4.5345-20  4.5345-20  4.5345-20     0.0    
   1:3:5-01            5.5184-02  2.0837+04  2.0837+04  2.0837+04  2.0797+04 
   METHANOL               0.0        0.0        0.0        0.0        0.0    
   NAPHT-01            7.1853-13     3.0839     3.0839     3.0839     3.0839 
   WATER                  0.0        0.0        0.0        0.0        0.0    
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   METHA-01               0.0        0.0        0.0        0.0        0.0    
   ETHYL-01               0.0        0.0        0.0        0.0        0.0    
   NITRO-01               0.0        0.0        0.0        0.0        0.0    
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   2:2:3-01               5.2818   451.5367   451.5367   451.5367    25.2749 
 TOTAL FLOW:      
   LBMOL/HR            2793.8312  1401.7075  1401.7075  1401.7075   212.8326 
   LB/HR               2.5699+05  1.5129+05  1.5129+05  1.5129+05  2.5030+04 
   CUFT/HR             5425.2781  3345.8593  3346.9927  3347.1726   582.9258 
 STATE VARIABLES: 
   TEMP   F             267.2485   336.8143   337.2155   337.2791   405.5211 
   PRES   PSIA           79.2000    29.2000    78.5000    53.5000    44.1600 
   VFRAC                  0.0        0.0        0.0        0.0        0.0    
   LFRAC                  1.0000     1.0000     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 S-417 S-418 S-419 S-420 S-421 (CONTINUED)            
 
 STREAM ID               S-417      S-418      S-419      S-420      S-421    
 
 ENTHALPY:        
   BTU/LBMOL           1.3430+04   495.1215   526.3982   526.3982 -5200.9766 
   BTU/LB               146.0069     4.5873     4.8771     4.8771   -44.2247 
   BTU/HR              3.7522+07  6.9402+05  7.3786+05  7.3786+05 -1.1069+06 
 ENTROPY:         
   BTU/LBMOL-R          -68.3044   -88.9435   -88.9318   -88.9179  -100.7541 
   BTU/LB-R              -0.7426    -0.8241    -0.8240    -0.8238    -0.8567 
 DENSITY:         
   LBMOL/CUFT             0.5150     0.4189     0.4188     0.4188     0.3651 
   LB/CUFT               47.3689    45.2172    45.2019    45.1994    42.9383 
 AVG MW                  91.9846   107.9329   107.9329   107.9329   117.6035 
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 S-422 S-423 S-424 S-425 S-426                    
 ----------------------------- 
 
 STREAM ID               S-422      S-423      S-424      S-425      S-426    
 FROM :                  V-406      COL-404    H-401      P-406      COL-405  
 TO   :                  ----       H-401      P-406      V-410      H-402    
 
 SUBSTREAM: MIXED    
 PHASE:                  MIXED      LIQUID     LIQUID     LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE             2.1454-16  2.0940-05  2.0940-05  2.0940-05  1.0470-07 
   TOLUENE             2.0536-06     5.1516     5.1516     5.1516  2.5758-02 
   P-XYL-01              15.1637   831.7063   831.7063   831.7063   806.7551 
   M-XYL-01               5.0566   235.1447   235.1447   235.1447     1.1757 
   O-XYL-01              19.3841   113.5382   113.5382   113.5382     0.5677 
   N-PEN-01               0.0        0.0        0.0        0.0        0.0    
   1:3:5-01             173.0266     0.3382     0.3382     0.3382  1.6912-03 
   METHANOL               0.0        0.0        0.0        0.0        0.0    
   NAPHT-01            2.4060-02  2.8458-18  2.8458-18  2.8458-18     0.0    
   WATER                  0.0        0.0        0.0        0.0        0.0    
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   METHA-01               0.0        0.0        0.0        0.0        0.0    
   ETHYL-01               0.0        0.0        0.0        0.0        0.0    
   NITRO-01               0.0        0.0        0.0        0.0        0.0    
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   2:2:3-01               0.1776     2.9958     2.9958     2.9958  1.4979-02 
 COMPONENTS: LB/HR            
   BENZENE             1.6759-14  1.6357-03  1.6357-03  1.6357-03  8.1786-06 
   TOLUENE             1.8922-04   474.6744   474.6744   474.6744     2.3734 
   P-XYL-01            1609.8881  8.8300+04  8.8300+04  8.8300+04  8.5651+04 
   M-XYL-01             536.8422  2.4965+04  2.4965+04  2.4965+04   124.8235 
   O-XYL-01            2057.9564  1.2054+04  1.2054+04  1.2054+04    60.2703 
   N-PEN-01               0.0        0.0        0.0        0.0        0.0    
   1:3:5-01            2.0797+04    40.6548    40.6548    40.6548     0.2033 
   METHANOL               0.0        0.0        0.0        0.0        0.0    
   NAPHT-01               3.0839  3.6475-16  3.6475-16  3.6475-16     0.0    
   WATER                  0.0        0.0        0.0        0.0        0.0    
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   METHA-01               0.0        0.0        0.0        0.0        0.0    
   ETHYL-01               0.0        0.0        0.0        0.0        0.0    
   NITRO-01               0.0        0.0        0.0        0.0        0.0    
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   2:2:3-01              25.2749   426.2617   426.2617   426.2617     2.1313 
 TOTAL FLOW:      
   LBMOL/HR             212.8326  1188.8749  1188.8749  1188.8749   808.5409 
   LB/HR               2.5030+04  1.2626+05  1.2626+05  1.2626+05  8.5841+04 
   CUFT/HR             2.5442+04  2835.3760  2716.8589  2718.7006  1853.8530 
 STATE VARIABLES: 
   TEMP   F             339.2263   352.9973   302.0000   302.8547   302.9316 
   PRES   PSIA           19.1600    38.0000    33.0000   139.6959    44.6959 
   VFRAC                  0.2735     0.0        0.0        0.0        0.0    
   LFRAC                  0.7265     1.0000     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 S-422 S-423 S-424 S-425 S-426 (CONTINUED)            
 
 STREAM ID               S-422      S-423      S-424      S-425      S-426    
 
 ENTHALPY:        
   BTU/LBMOL          -5200.9766  3293.7552   338.8140   405.5738   687.5408 
   BTU/LB               -44.2247    31.0142     3.1903     3.8189     6.4760 
   BTU/HR             -1.1069+06  3.9159+06  4.0281+05  4.8218+05  5.5590+05 
 ENTROPY:         
   BTU/LBMOL-R         -100.4866   -85.4050   -89.1361   -89.1081   -90.7235 
   BTU/LB-R              -0.8545    -0.8042    -0.8393    -0.8390    -0.8545 
 DENSITY:         
   LBMOL/CUFT          8.3654-03     0.4193     0.4376     0.4373     0.4361 
   LB/CUFT                0.9838    44.5304    46.4729    46.4415    46.3040 
 AVG MW                 117.6035   106.2016   106.2016   106.2016   106.1677 
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 S-427 S-428 S-429 S-430 S-431                    
 ----------------------------- 
 
 STREAM ID               S-427      S-428      S-429      S-430      S-431    
 FROM :                  H-402      COL-405    H-403      H-801      V-410    
 TO   :                  V-407      H-403      V-408      V-413      COL-405  
 
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     LIQUID     LIQUID  
 COMPONENTS: LBMOL/HR         
   BENZENE             1.0470-07  2.0835-05  2.0835-05  1435.0993  2.0940-05 
   TOLUENE             2.5758-02     5.1259     5.1259  3058.1636     5.1516 
   P-XYL-01             806.7551    24.9512    24.9512   871.9749   831.7063 
   M-XYL-01               1.1757   233.9690   233.9690   277.4017   235.1447 
   O-XYL-01               0.5677   112.9705   112.9705   133.2735   113.5382 
   N-PEN-01               0.0        0.0        0.0        0.6398     0.0    
   1:3:5-01            1.6912-03     0.3366     0.3366   173.3653     0.3382 
   METHANOL               0.0        0.0        0.0        1.7175     0.0    
   NAPHT-01               0.0        0.0        0.0     2.4060-02  2.8458-18 
   WATER                  0.0        0.0        0.0        0.3318     0.0    
   CARBO-01               0.0        0.0        0.0     8.2487-02     0.0    
   METHA-01               0.0        0.0        0.0        0.2830     0.0    
   ETHYL-01               0.0        0.0        0.0        0.1004     0.0    
   NITRO-01               0.0        0.0        0.0     1.5921-04     0.0    
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   2:2:3-01            1.4979-02     2.9809     2.9809     3.2106     2.9958 
 COMPONENTS: LB/HR            
   BENZENE             8.1786-06  1.6275-03  1.6275-03  1.1210+05  1.6357-03 
   TOLUENE                2.3734   472.3011   472.3011  2.8178+05   474.6744 
   P-XYL-01            8.5651+04  2649.0027  2649.0027  9.2575+04  8.8300+04 
   M-XYL-01             124.8235  2.4840+04  2.4840+04  2.9451+04  2.4965+04 
   O-XYL-01              60.2703  1.1994+04  1.1994+04  1.4149+04  1.2054+04 
   N-PEN-01               0.0        0.0        0.0       46.1617     0.0    
   1:3:5-01               0.2033    40.4515    40.4515  2.0838+04    40.6548 
   METHANOL               0.0        0.0        0.0       55.0316     0.0    
   NAPHT-01               0.0        0.0        0.0        3.0839  3.6475-16 
   WATER                  0.0        0.0        0.0        5.9771     0.0    
   CARBO-01               0.0        0.0        0.0        3.6302     0.0    
   METHA-01               0.0        0.0        0.0        4.5400     0.0    
   ETHYL-01               0.0        0.0        0.0        2.8173     0.0    
   NITRO-01               0.0        0.0        0.0     4.4600-03     0.0    
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   2:2:3-01               2.1313   424.1304   424.1304   456.8262   426.2617 
 TOTAL FLOW:      
   LBMOL/HR             808.5409   380.3340   380.3340  5955.6682  1188.8749 
   LB/HR               8.5841+04  4.0420+04  4.0420+04  5.5147+05  1.2626+05 
   CUFT/HR             1608.1013   864.9614   752.3272  1.0737+04  2718.8666 
 STATE VARIABLES: 
   TEMP   F              90.0000   302.9316    90.0000   153.0000   302.9316 
   PRES   PSIA           39.6959    44.6959    39.6959    41.6959   114.6959 
   VFRAC                  0.0        0.0        0.0        0.0        0.0    
   LFRAC                  1.0000     1.0000     1.0000     1.0000     1.0000 
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 S-427 S-428 S-429 S-430 S-431 (CONTINUED)            
 
 STREAM ID               S-427      S-428      S-429      S-430      S-431    
 
 ENTHALPY:        
   BTU/LBMOL          -9849.9054  -260.6811 -1.1045+04  7512.9101   405.5738 
   BTU/LB               -92.7769    -2.4529  -103.9279    81.1362     3.8189 
   BTU/HR             -7.9641+06 -9.9146+04 -4.2007+06  4.4744+07  4.8218+05 
 ENTROPY:         
   BTU/LBMOL-R         -106.7513   -88.8605  -105.3004   -76.0344   -89.0942 
   BTU/LB-R              -1.0055    -0.8361    -0.9908    -0.8211    -0.8389 
 DENSITY:         
   LBMOL/CUFT             0.5028     0.4397     0.5055     0.5547     0.4373 
   LB/CUFT               53.3803    46.7299    53.7260    51.3606    46.4386 
 AVG MW                 106.1677   106.2738   106.2738    92.5963   106.2016 
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 S-502 S-503 S-504 S-505 S-506                    
 ----------------------------- 
 
 STREAM ID               S-502      S-503      S-504      S-505      S-506    
 FROM :                  ----       P-501      M-501      H-802      V-501    
 TO   :                  P-501      M-501      H-802      V-501      R-501    
 
 
 MAX CONV. ERROR:         0.0        0.0    -2.5562-05     0.0        0.0    
 SUBSTREAM: MIXED    
 PHASE:                  LIQUID     LIQUID     LIQUID     VAPOR      VAPOR   
 COMPONENTS: LBMOL/HR         
   BENZENE                0.0        0.0       93.7285    93.7285    93.7285 
   TOLUENE                0.0        0.0     2637.5241  2637.5241  2637.5241 
   P-XYL-01               0.0        0.0       25.0725    25.0725    25.0725 
   M-XYL-01               0.0        0.0       37.1173    37.1173    37.1173 
   O-XYL-01               0.0        0.0        0.3509     0.3509     0.3509 
   N-PEN-01               0.0        0.0     2.7806-08  2.7806-08  2.7806-08 
   1:3:5-01               0.0        0.0     4.5912-04  4.5912-04  4.5912-04 
   METHANOL            1318.7621  1318.7621  1318.7645  1318.7645  1318.7645 
   NAPHT-01               0.0        0.0     5.6058-15  5.6058-15  5.6058-15 
   WATER                  0.0        0.0        0.0        0.0        0.0    
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   METHA-01               0.0        0.0        0.0        0.0        0.0    
   ETHYL-01               0.0        0.0        0.0        0.0        0.0    
   NITRO-01               0.0        0.0        0.0        0.0        0.0    
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   2:2:3-01               0.0        0.0     3.7122-02  3.7122-02  3.7122-02 
 COMPONENTS: LB/HR            
   BENZENE                0.0        0.0     7321.4706  7321.4706  7321.4706 
   TOLUENE                0.0        0.0     2.4302+05  2.4302+05  2.4302+05 
   P-XYL-01               0.0        0.0     2661.8775  2661.8775  2661.8775 
   M-XYL-01               0.0        0.0     3940.6511  3940.6511  3940.6511 
   O-XYL-01               0.0        0.0       37.2499    37.2499    37.2499 
   N-PEN-01               0.0        0.0     2.0062-06  2.0062-06  2.0062-06 
   1:3:5-01               0.0        0.0     5.5184-02  5.5184-02  5.5184-02 
   METHANOL            4.2256+04  4.2256+04  4.2256+04  4.2256+04  4.2256+04 
   NAPHT-01               0.0        0.0     7.1852-13  7.1852-13  7.1852-13 
   WATER                  0.0        0.0        0.0        0.0        0.0    
   CARBO-01               0.0        0.0        0.0        0.0        0.0    
   METHA-01               0.0        0.0        0.0        0.0        0.0    
   ETHYL-01               0.0        0.0        0.0        0.0        0.0    
   NITRO-01               0.0        0.0        0.0        0.0        0.0    
   HYDRO-01               0.0        0.0        0.0        0.0        0.0    
   2:2:3-01               0.0        0.0        5.2819     5.2819     5.2819 
 TOTAL FLOW:      
   LBMOL/HR            1318.7621  1318.7621  4112.5953  4112.5953  4112.5953 
   LB/HR               4.2256+04  4.2256+04  2.9925+05  2.9925+05  2.9925+05 
   CUFT/HR              853.6489   853.8776  6023.8081  1.0392+06  1.6742+06 
 STATE VARIABLES: 
   TEMP   F              77.0000    77.3215   216.0452  1112.0000  1111.2676 
   PRES   PSIA           14.6959    79.2000    79.2000    76.2000    51.2000 
   VFRAC                  0.0        0.0        0.0        1.0000     1.0000 
   LFRAC                  1.0000     1.0000     1.0000     0.0        0.0    
   SFRAC                  0.0        0.0        0.0        0.0        0.0    
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 S-502 S-503 S-504 S-505 S-506 (CONTINUED)            
 
 STREAM ID               S-502      S-503      S-504      S-505      S-506    
 
 ENTHALPY:        
   BTU/LBMOL          -1.0258+05 -1.0257+05 -2.3766+04  2.3408+04  2.3408+04 
   BTU/LB             -3201.4223 -3201.0474  -326.6263   321.7045   321.7045 
   BTU/HR             -1.3528+08 -1.3526+08 -9.7741+07  9.6269+07  9.6269+07 
 ENTROPY:         
   BTU/LBMOL-R          -57.5402   -57.5305   -64.1836   -15.0988   -14.1632 
   BTU/LB-R              -1.7958    -1.7955    -0.8821    -0.2075    -0.1946 
 DENSITY:         
   LBMOL/CUFT             1.5449     1.5444     0.6827  3.9574-03  2.4565-03 
   LB/CUFT               49.5004    49.4872    49.6771     0.2880     0.1787 
 AVG MW                  32.0422    32.0422    72.7632    72.7632    72.7632 
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 S-507 S-508                                      
 ----------- 
 
 STREAM ID               S-507      S-508    
 FROM :                  R-501      V-502    
 TO   :                  V-502      M-302    
 
 SUBSTREAM: MIXED    
 PHASE:                  VAPOR      VAPOR   
 COMPONENTS: LBMOL/HR         
   BENZENE                8.8116     8.8116 
   TOLUENE             1850.0054  1850.0054 
   P-XYL-01             789.2608   789.2608 
   M-XYL-01              82.0267    82.0267 
   O-XYL-01              35.5167    35.5167 
   N-PEN-01              52.6768    52.6768 
   1:3:5-01              24.1016    24.1016 
   METHANOL              25.7775    25.7775 
   NAPHT-01               0.0        0.0    
   WATER               1348.8656  1348.8656 
   CARBO-01               0.0        0.0    
   METHA-01               0.0        0.0    
   ETHYL-01               0.0        0.0    
   NITRO-01               0.0        0.0    
   HYDRO-01               0.0        0.0    
   2:2:3-01               0.0        0.0    
 COMPONENTS: LB/HR            
   BENZENE              688.3059   688.3059 
   TOLUENE             1.7046+05  1.7046+05 
   P-XYL-01            8.3794+04  8.3794+04 
   M-XYL-01            8708.5663  8708.5663 
   O-XYL-01            3770.7194  3770.7194 
   N-PEN-01            3800.6458  3800.6458 
   1:3:5-01            2896.8702  2896.8702 
   METHANOL             825.9671   825.9671 
   NAPHT-01               0.0        0.0    
   WATER               2.4300+04  2.4300+04 
   CARBO-01               0.0        0.0    
   METHA-01               0.0        0.0    
   ETHYL-01               0.0        0.0    
   NITRO-01               0.0        0.0    
   HYDRO-01               0.0        0.0    
   2:2:3-01               0.0        0.0    
 TOTAL FLOW:      
   LBMOL/HR            4217.0428  4217.0428 
   LB/HR               2.9925+05  2.9925+05 
   CUFT/HR             1.7198+06  4.3936+06 
 STATE VARIABLES: 
   TEMP   F            1112.0000  1111.2657 
   PRES   PSIA           43.1487    16.1487 
   VFRAC                  1.0000     1.0000 
   LFRAC                  0.0        0.0    
   SFRAC                  0.0        0.0    
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 S-507 S-508 (CONTINUED)                              
 
 STREAM ID               S-507      S-508    
 
 ENTHALPY:        
   BTU/LBMOL           1.2596+04  1.2596+04 
   BTU/LB               177.5120   177.5120 
   BTU/HR              5.3120+07  5.3120+07 
 ENTROPY:         
   BTU/LBMOL-R          -13.1752   -11.3239 
   BTU/LB-R              -0.1857    -0.1596 
 DENSITY:         
   LBMOL/CUFT          2.4521-03  9.5981-04 
   LB/CUFT                0.1740  6.8109-02 
 AVG MW                  70.9610    70.9610 
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 *                                                                          * 
 * Calculations were completed with warnings                                * 
 *                                                                          * 
 * The following Unit Operation blocks were                                 * 
 * completed with warnings:                                                 * 
 *   R-501                                                                  * 
 *                                                                          * 
 * All streams were flashed normally                                        * 
 *                                                                          * 
 * All Convergence blocks were completed normally                           * 
 *                                                                          * 
 * All Calculator blocks were completed normally                            * 
 *                                                                          * 
 * Properties estimation was completed normally                             * 
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Appendix G: Thermophysical Data & Material Safety Data Sheets 
 
Thermophysical Data  
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Material Safety Data Sheets 
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Appendix H: Problem Statement  
Natural Gas to BTX 
(recommended by Bruce M. Vrana, DuPont) [1] 
 
Inexpensive natural gas in the U.S. from fracking is leading to the resurgence of the U.S. 
chemical industry and a wide array of new possibilities. Until now, however, there has 
been no economical means to convert natural gas to aromatics. Benzene, toluene and 
xylene (BTX) are conventionally produced by reforming naphtha in an oil refinery or by 
extracting them from naphtha-fed ethylene crackers. Both sources of BTX are tied to 
expensive crude oil. 
 
Your company has developed catalysts and process concepts to convert natural gas to 
BTX, with a primary interest in p-xylene (PX), used in the PET value chain, among others. 
The first step in the proposed process uses a modified zeolite dehydrocyclization catalyst to 
form aromatics. The second step in the process uses another zeolite catalyst to alkylate the 
aromatics to form primarily PX. There are various options under consideration, including 
co-feeding syngas or methanol to the process. 
 
Your team has been assembled to evaluate the options that the discovery team has 
proposed, and to develop a plant design to put these new catalysts into operation on the 
U.S. Gulf Coast. Management desires a plant to produce 1MMM lb/yr of BTX from 
natural gas. They also desire a plant that uses this technology in the most economical way. 
 
Natural gas is available by pipeline at your plant site for $2.00/MSCF. After removal of 
the valuable natural gas liquids, you may assume the gas you purchase is 95% CH4 (by 
volume), 4% CO2, 1% N2. If desired, you may purchase methanol for $1.00/gal. If you 
desire to use syngas, you must produce that in a packaged syngas plant – investment and 
operating cost for that plant will be provided upon request, based on quantity, desired 
CO:H2 ratio, and pressure needed. Benzene can be sold for $3.50/gal. Toluene can be sold 
for $3.75/gal. PX can be sold for $0.75/lb. Other xylenes, if any, and any mixed BTX 
streams can be sold for $3.00/gal. All prices are forecasts by your marketing organization 
for long-term average prices, expressed in 2013 dollars for the quantities needed delivered 
to your site or sold from your site. 
 
You will need to make many assumptions to complete your design, since the data you have is far 
from complete. State them explicitly in your report, so that management may 
understand the uncertainty in your design and economic projections before approving an 
expensive pilot plant to provide the scale-up data you need to complete the design. Test 
your economics to reasonable ranges of your assumptions. If there are any possible 
“showstoppers” (i.e., possible fatal flaws, if one assumption is incorrect that would make the 
design either technically infeasible or uneconomical), these need to be clearly 
communicated and understood before proceeding. 
 
 
The plant design should be as environmentally friendly as possible, at a minimum meeting 
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Federal and state emissions regulations. Recover and recycle process materials to the 
maximum economic extent. Also, energy consumption should be minimized, to the extent 
economically justified. The plant design must also be controllable and safe to operate. 
 
Remember that, if the plant is approved, you will be there for the plant start-up and will 




U.S. Patent 8,138,384, March 20, 2012, assigned to Exxon/Mobil Chemical Patents. 
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Process Title: Natural Gas to BTX
Product: P-Xylene
Plant Site Location: Gulf Coast
Site Factor: 1.00
Operating Hours per Year: 7920
Operating Days Per Year: 330
Operating Factor: 0.9041
Product Information
This Process will Yield
85,841 lb of P-Xylene per hour
2,060,176 lb of P-Xylene per day
679,858,191 lb of P-Xylene per year
Price $0.75 /lb
Chronology
Production Depreciation Product Price




2016 Production 45.0% 20.00% $0.75
2017 Production 67.5% 32.00% $0.77
2018 Production 90.0% 19.20% $0.80
2019 Production 90.0% 11.52% $0.82
2020 Production 90.0% 11.52% $0.84
2021 Production 90.0% 5.76% $0.87
2022 Production 90.0% $0.90
2023 Production 90.0% $0.92
2024 Production 90.0% $0.95
2025 Production 90.0% $0.98
2026 Production 90.0% $1.01
2027 Production 90.0% $1.04
2028 Production 90.0% $1.07
2029 Production 90.0% $1.10













Equipment Description Bare Module Cost
C-101 Process Machinery $22,197,000
C-102 Process Machinery $33,890,000
C-201 Process Machinery $4,298,897
C-301 Process Machinery $13,828,464
C-401 Process Machinery $7,992,870
R-101 Process Machinery $115,163
R-301 Process Machinery $380,253
R-501 Process Machinery $114,773
COL-401 Process Machinery $194,585
COL-201 Process Machinery $26,736,549
COL-202 Process Machinery $5,278,927
COL-302 Process Machinery $1,499,318
COL-402 Process Machinery $2,387,100
COL-403 Process Machinery $10,223,423
COL-404 Process Machinery $2,644,524
P-201 Process Machinery $22,000
P-202 Process Machinery $17,800
P-203 Process Machinery $80,000
P-301 Process Machinery $33,400
P-302 Process Machinery $42,000
P-303 Process Machinery $54,600
P-304 Process Machinery $38,000
P-305 Process Machinery $22,000
P-401 Process Machinery $25,500
P-402 Process Machinery $27,000
P-403 Process Machinery $19,000
P-404 Process Machinery $17,000
P-405 Process Machinery $18,000
P-406 Process Machinery $98,000
P-501 Process Machinery $64,000
H-101 Process Machinery $4,931,000
H-401 Process Machinery $37,000
H-402 Process Machinery $84,000
H-403 Process Machinery $58,000
H-601 Process Machinery $18,950,000
H-602 Process Machinery $20,600,000
H-604 Process Machinery $89,200
H-701 Process Machinery $184,000
Additional Equipment $239,981,395
Total $417,274,741





Raw Material: Unit: Required Ratio: Cost of Raw Material:
1 Natural Gas lb 4.62 lb per lb of P-Xylene $0.020 per lb
2 Methanol lb 0.96 lb per lb of P-Xylene $0.15 per lb
3 Sulfinol Solvent lb 0.03 lb per lb of P-Xylene $0.10 per lb
4 Isopar G lb 0.75 lb per lb of P-Xylene $0.00 per lb
Total Weighted Average: $0.240 per lb of P-Xylene
Byproducts
Byproduct: Unit: Ratio to Product Byproduct Selling Price
1 Mixed Xylene lb 0.470895 lb per lb of P-Xylene $0.413 per lb
2 Purge lb 2.76 lb per lb of P-Xylene $0.023 per lb
3 lb 0.29 lb per lb of P-Xylene $0.020 per lb
4 Naphtha Products lb 0.39 lb per lb of P-Xylene $0.020 per lb
5 Aliphatics lb 0.6 lb per lb of P-Xylene $0.020 per lb
Total Weighted Average: $0.284 per lb of P-Xylene
Utilities
Utility: Unit: Required Ratio Utility Cost
1 High Pressure Steam lb 3.53 lb per lb of P-Xylene $2.000E-03 per lb
2 Low Pressure Steam lb #REF! lb per lb of P-Xylene $1.700E-03 per lb
3 Process Water gal 0 gal per lb of P-Xylene $0.000E+00 per gal
4 Cooling Water lb 649.48 lb per lb of P-Xylene $1.280E-05 per lb
5 Electricity kWh 24231 kWh per lb of P-Xylene $0.086 per kWh
6 Methane Heating Btu #REF! Btu per lb of P-Xylene $1.050E-06 per Btu
7 heat for prop process BTU 0.72 BTU per lb of P-Xylene $0.00 per BTU
Total Weighted Average: $0.428 per lb of P-Xylene
Variable Costs
General Expenses:
Selling / Transfer Expenses: 3.00% of Sales
Direct Research: 4.80% of Sales
Allocated Research: 0.50% of Sales
Administrative Expense: 2.00% of Sales
Management Incentive Compensation: 1.25% of Sales
Working Capital
Accounts Receivable a 30 Days
Cash Reserves (excluding Raw Materials) a 30 Days
Accounts Payable a 40 Days
P-Xylene Inventory a 4 Days
Raw Materials a 2 Days






Cost of Site Preparations: 5.00% of Total Bare Module Costs
Cost of Service Facilities: 15.00% of Total Bare Module Costs
Allocated Costs for utility plants and related facilities: $0
Cost of Contingencies and Contractor Fees: 18.00% of Direct Permanent Investment
Cost of Land: 2.00% of Total Depreciable Capital
Cost of Royalties: $0
Cost of Plant Start-Up: 10.00% of Total Depreciable Capital
Fixed Costs
Operations
Operators per Shift: 10 (assuming 5 shifts)
Direct Wages and Benefits: $35 /operator hour
Direct Salaries and Benefits: 15% of Direct Wages and Benefits
Operating Supplies and Services: 6% of Direct Wages and Benefits
Technical Assistance to Manufacturing: $35,000.00 per year, for each Operator per Shift
Control Laboratory: $25,000.00 per year, for each Operator per Shift
Maintenance
Wages and Benefits: 4.50% of Total Depreciable Capital
Salaries and Benefits: 25% of Maintenance Wages and Benefits
Materials and Services: 100% of Maintenance Wages and Benefits
Maintenance Overhead: 5% of Maintenance Wages and Benefits
Operating Overhead
General Plant Overhead: 7.10% of Maintenance and Operations Wages and Benefits
Mechanical Department Services: 2.40% of Maintenance and Operations Wages and Benefits
Employee Relations Department: 5.90% of Maintenance and Operations Wages and Benefits
Business Services: 7.40% of Maintenance and Operations Wages and Benefits
Property Taxes and Insurance
Property Taxes and Insurance: 2% of Total Depreciable Capital
Straight Line Depreciation
Direct Plant: 8.00% of Total Depreciable Capital, less 1.18 times the Allocated Costs 
for Utility Plants and Related Facilities
Allocated Plant: 6.00% of 1.18 times the Allocated Costs for Utility Plants and Related Facilities
Other Annual Expenses




Annual Depletion Allowance: $0




Variable Costs at 100% Capacity:
General Expenses
Selling / Transfer Expenses: 15,296,809$             
Direct Research: 24,474,895$             
Allocated Research: 2,549,468$               
Administrative Expense: 10,197,873$             
Management Incentive Compensation: 6,373,671$               
Total General Expenses 58,892,716$             
Raw Materials $0.239850 per lb of P-Xylene $163,063,987
Byproducts $0.283654 per lb of P-Xylene ($192,844,363)
Utilities $0.427756 per lb of P-Xylene $290,813,182
Total Variable Costs 319,925,522$           
Fixed Cost Summary
Operations
Direct Wages and Benefits 3,640,000$               
Direct Salaries and Benefits 546,000$                  
Operating Supplies and Services 218,400$                  
Technical Assistance to Manufacturing 1,750,000$               
Control Laboratory 1,250,000$               
Total Operations 7,404,400$               
Maintenance
Wages and Benefits 26,588,747$             
Salaries and Benefits 6,647,187$               
Materials and Services 26,588,747$             
Maintenance Overhead 1,329,437$               
Total Maintenance 61,154,117$             
Operating Overhead
General Plant Overhead: 2,656,957$               
Mechanical Department Services: 898,126$                  
Employee Relations Department: 2,207,894$               
Business Services: 2,769,223$               
Total Operating Overhead 8,532,201$               
Property Taxes and Insurance
Property Taxes and Insurance: 11,817,221$             
Other Annual Expenses
Rental Fees (Office and Laboratory Space): -$                         
Licensing Fees: -$                         
Miscellaneous: -$                         
Total Other Annual Expenses -$                         
Total Fixed Costs 88,907,938$             
Cost Summary:  
  






Fabricated Equipment -$                         
Process Machinery 405,812,746$           
Spares 538,543$                  
Storage 2,463,452$               
Other Equipment -$                         
Catalysts 8,460,000$               
Computers, Software, Etc. -$                         
Total Bare Module Costs: 417,274,741$          
Direct Permanent Investment
Cost of Site Preparations: 20,863,737$             
Cost of Service Facilities: 62,591,211$             
Allocated Costs for utility plants and related facilities: -$                         
Direct Permanent Investment 500,729,690$          
Total Depreciable Capital
Cost of Contingencies & Contractor Fees 90,131,344$             
Total Depreciable Capital 590,861,034$          
Total Permanent Investment
Cost of Land: 11,817,221$             
Cost of Royalties: -$                         
Cost of Plant Start-Up: 59,086,103$             
Total Permanent Investment - Unadjusted 661,764,358$          
Site Factor 1.00
Total Permanent Investment 661,764,358$          
Working Capital
2015 2016 2017
Accounts Receivable 18,859,080$             9,429,540$              9,429,540$                 
Cash Reserves 14,044,480$             7,022,240$              7,022,240$                 
Accounts Payable (22,382,984)$           (11,191,492)$           (11,191,492)$             
P-Xylene Inventory 2,514,544$               1,257,272$              1,257,272$                 
Raw Materials 402,076$                  201,038$                 201,038$                    
Total 13,437,196$             6,718,598$              6,718,598$                 
Present Value at 20% 9,331,386$              3,888,077$             3,240,065$                
Total Capital Investment 678,223,886$          
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Cash Flow Summary: 
  
  
Year Sales Capital Costs Working Capital Var Costs Fixed Costs Depreciation Taxible Income Taxes Net Earnings Cash Flow
2013 0% -                        -                            -                            -                     -                     -                     -                     -                     -                     -                     -                                
2014 0% -                        (661,764,400)            -                            -                     -                     -                     -                     -                     -                     (661,764,400)     (551,470,300)                
2015 0% -                        -                            (13,437,200)              -                     -                     -                     -                     -                     -                     (13,437,200)       (560,801,700)                
2016 45% $0.75 229,452,100         -                            (6,718,600)                (143,966,500)     (88,907,900)       (118,172,200)     (121,594,500)     48,637,800        (72,956,700)       38,496,900        (538,523,400)                
2017 68% $0.77 354,503,600         -                            (6,718,600)                (222,428,200)     (91,575,200)       (189,075,500)     (148,575,400)     59,430,100        (89,145,200)       93,211,700        (493,571,700)                
2018 90% $0.80 486,851,500         -                            -                            (305,468,100)     (94,322,400)       (113,445,300)     (26,384,300)       10,553,700        (15,830,600)       97,614,700        (454,342,600)                
2019 90% $0.82 501,457,100         -                            -                            (314,632,100)     (97,152,100)       (68,067,200)       21,605,700        (8,642,300)         12,963,400        81,030,600        (427,205,600)                
2020 90% $0.84 516,500,800         -                            -                            (324,071,100)     (100,066,700)     (68,067,200)       24,295,900        (9,718,300)         14,577,500        82,644,700        (404,141,000)                
2021 90% $0.87 531,995,800         -                            -                            (333,793,200)     (103,068,700)     (34,033,600)       61,100,300        (24,440,100)       36,660,200        70,693,800        (387,699,800)                
2022 90% $0.90 547,955,700         -                            -                            (343,807,000)     (106,160,700)     -                     97,988,000        (39,195,200)       58,792,800        58,792,800        (376,305,400)                
2023 90% $0.92 564,394,400         -                            -                            (354,121,200)     (109,345,500)     -                     100,927,600      (40,371,000)       60,556,600        60,556,600        (366,525,200)                
2024 90% $0.95 581,326,200         -                            -                            (364,744,900)     (112,625,900)     -                     103,955,400      (41,582,200)       62,373,300        62,373,300        (358,130,500)                
2025 90% $0.98 598,766,000         -                            -                            (375,687,200)     (116,004,700)     -                     107,074,100      (42,829,600)       64,244,500        64,244,500        (350,925,100)                
2026 90% $1.01 616,729,000         -                            -                            (386,957,800)     (119,484,800)     -                     110,286,300      (44,114,500)       66,171,800        66,171,800        (344,740,400)                
2027 90% $1.04 635,230,800         -                            -                            (398,566,600)     (123,069,400)     -                     113,594,900      (45,438,000)       68,156,900        68,156,900        (339,431,900)                
2028 90% $1.07 654,287,800         -                            -                            (410,523,600)     (126,761,500)     -                     117,002,700      (46,801,100)       70,201,600        70,201,600        (334,875,400)                
2029 90% $1.10 673,916,400         -                            -                            (422,839,300)     (130,564,300)     -                     120,512,800      (48,205,100)       72,307,700        72,307,700        (330,964,400)                







Present Value at 20%







The Internal Rate of Return (IRR) for this project is 5.77%
The Net Present Value (NPV) of this project in 2013 is (326,396,200)$ (326,396,200)$ 
ROI Analysis (Third Production Year)
Annual Sales 486,851,550     
Annual Costs (399,790,520)   
Depreciation (52,941,149)     
Income Tax (13,647,952)     
Net Earnings 20,471,929       
Total Capital Investment 688,638,749     
ROI 2.97%
Sensitivity Analyses
Note: The Sensitivity Analyses section below takes quite a bit of memory to update each time a cell is changed; therefore, automatic calculations are turned off.  After making your axis selections, press "F9" to recalculate
the IRR values.  (These two lines may be deleted before printing.)
x-axis
y-axis
1.50% 1.80% 2.10% 2.40% 2.70% 3.00% 3.30% 3.60% 3.90% 4.20% 4.50%
$0.38 Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
$0.45 Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
$0.53 -17.92% Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
$0.60 -2.25% -3.93% -6.08% -9.09% -14.36% Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR Negative IRR
$0.68 4.60% 3.72% 2.72% 1.57% 0.21% -1.45% -3.62% -6.80% -13.78% Negative IRR Negative IRR
$0.75 9.43% 8.83% 8.17% 7.46% 6.66% 5.77% 4.76% 3.60% 2.20% 0.46% -1.90%
$0.83 13.32% 12.86% 12.36% 11.84% 11.28% 10.66% 10.00% 9.27% 8.46% 7.55% 6.50%
$0.90 16.63% 16.26% 15.87% 15.45% 15.01% 14.55% 14.05% 13.51% 12.94% 12.31% 11.63%
$0.98 19.57% 19.26% 18.93% 18.59% 18.23% 17.85% 17.45% 17.03% 16.58% 16.10% 15.59%
$1.05 22.23% 21.96% 21.68% 21.39% 21.08% 20.77% 20.43% 20.08% 19.71% 19.33% 18.92%










Vary Initial Value by +/-
50%
50%
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